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HYDROLOGIC INVESTIGATION OF THE HIGHLAND SILVER LAKE WATERSHED: 
1984 PROGRESS REPORT 
by Paul B. Makowski and Ming T. Lee 
INTRODUCTION 
Background 
The 1980 Agriculture, Rural Development, and Related Agencies Appro-
priation Act (PL96-100) authorized the experimental Rural Clean Water Program 
(RCWP), which provides long-term financial and technical assistance to agri-
cultural landowners and operators. The purpose of this assistance is to 
enable installation and maintenance of Best Management Practices (BMPs) to 
control agricultural nonpoint source pollution for the improvement of water 
quality. The Highland Silver Lake watershed was selected as one of thirteen 
experimental Rural Clean Water Program areas. In addition, the Highland 
Silver Lake watershed was one of five of the thirteen experimental projects 
which were selected for comprehensive monitoring and evaluation. 
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DESCRIPTION OF THE STUDY AREA 
Location 
The Highland Silver Lake watershed is located in southwestern Illinois 
approximately 30 miles east-northeast of St. Louis. Most of the watershed is 
in the eastern portion of Madison County, with a small part in Bond County. 
It has an area of 49.32 square miles (31,564 acres). Figure 1 provides a map 
of the watershed. 
Highland Silver Lake 
Highland Silver Lake is an impoundment of East Fork Silver Creek, a 
tributary of the Kaskaskia River. The lake lies entirely in Madison County. 
The dam for the lake is about one mile northwest of the City of Highland in 
Section 30, Township 4N, Range 5W. The lake configuration may be seen in 
figure 1. 
The dam is a 2668-foot-long earthfill structure with an "L" shaped 
spillway. The spillway has a combined length of 214.08 feet, a crest eleva-
tion of 500.0 feet mean sea level (msl), and a design discharge capacity of 
9700 cubic feet per second (cfs) (Backus and Associates, 1959). The 1981 
lake sedimentation survey determined that at normal pool (spillway elevation) 
the surface area is 598.4 acres and the storage capacity is 6336 acre-feet 
(Bogner, 1982). The mean depth of the lake is 10.6 feet and the maximum 
depth is approximately 28 feet. 
Highland Silver Lake was completed in 1961 by the City of Highland as a 
public water supply. The lake's first year of use as a public water supply 
was 1962. The lake is also used for recreation, mainly boating and fishing, 
with picnicking on the adjacent park grounds. Prior to the construction of 
Highland Silver Lake, the old city lake, which had a capacity of about 120 
million gallons, was the city's primary source of water. 
Public water supply use grew from 125.9 million gallons per year in 1954 
to 177.0 million gallons per year in 1964 to 307.4 million gallons per year 
in 1974. Since 1974 the consumption rate has remained fairly constant; the 
1983 rate was 294.8 million gallons per year. 
The uses of the lake are currently impaired by high levels of suspended 
sediment and turbidity. Suspended sediment in the lake reduces light pene-
tration and impairs vital biological functions of game fish. Turbid waters 
affect water treatment costs. Phosphorus and nitrogen concentrations in the 
lake are high but do not presently impair lake uses. If turbidity levels are 
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Figure 1. General watershed location map 
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reduced, the increased light penetration might result in increased algal 
production, which could cause eutrophic-related problems that might impair 
lake uses (SIMRPC, 1984). 
Climate 
During the period 1901-1980, the maximum and minimum temperatures at 
Belleville (approximately 25 miles southwest of Highland Silver Lake) were 
110°F above and 16°F below zero. The mean temperature for this period was 
55.3°F. Other averages at Belleville are as follows (ISWS, 1984): 
Coldest month January 
Warmest month July 
Length of growing season 192 days 
No. of heating degree days 4818 
No. of cooling degree days 1320 
Amount of precipitation 36.75 inches 
Amount of snowfall 14.3 inches 
Wettest month June 
Driest month January 
Geology 
The Highland Silver Lake watershed is in the south-central region of 
Illinois. The land surface of this region has been shaped principally by 
running water and glacial ice. Several times glaciers advanced across 
Illinois and then melted, leaving behind rock debris. Till, outwash, loess, 
and the sediment of modern streams cover the bedrock surface in this region, 
resulting in a relatively level plain. The latest period of glaciation to 
affect the Highland Silver Lake watershed was the Illinoian. 
The underlying bedrock has an irregular surface which was formed by 
erosion prior to glaciation. Some of the bedrock valleys coincide with 
present stream valleys but they are partly or completely buried, leaving 
little evidence of their presence at the surface. 
The bedrock beneath the glacial deposits in this region consists of beds 
of sedimentary shales, sandstone, limestone, and dolomite arranged one upon 
the other. The bedrock systems are layered, with the younger systems closer 
to the land surface. These systems from the surface down are Pennsylvanian, 
Mississippian, Devonian, Silurian, Ordovician, Cambrian, and Pre-Cambrian. 
The bedrock strata rest on a basement of ancient crystalline rocks composed 
mainly of granite. These beds were originally deposited as sediments in 
shallow seas or bordering marshlands and later were buried and hardened into 
solid rock. The rock systems were later warped and in some places fractured 
(Selkregg et al., 1957). 
Basin Physiology 
The Highland Silver Lake watershed lies entirely in the Springfield 
Plain of the Till Plains Section of the Central Lowland Province. A physio-
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graphic province is a region in which all parts are similar in geologic 
structure and which has a unified geomorphic history. 
The physiographic contrasts between various parts of Illinois are due to 
the topography of the bedrock surface, extent of glaciation, differences in 
age of the uppermost drift, height of the glacial plain above main lines of 
drainage, glaciofluvial aggradation of basin areas, and glaciolacustrine 
action. 
The Springfield Plain is distinguished mainly by its flatness and by the 
shallow entrenchment of its drainage. The southern border of the Springfield 
Plain is located where the drift thins and the bedrock topography becomes a 
controlling factor, while the western boundary follows the edge of Illinoian 
drift. Although most of the district is a flat till plain, the morainic 
features are conspicuous in the area of the Highland Silver Lake watershed. 
The moraines are a low and broad irregular assemblage of gravelly ridges and 
hills (Leighton et al., 1948). 
Topography and Drainage 
The Highland Silver Lake watershed has an elevation range of from 630 
feet msl in the northernmost portion to a lake elevation of 500 feet msl. 
The greatest local relief is east of the lake where elevations of 600 feet 
msl may be found within 1500 feet of the lake. This steep relief provides a 
contrast to the relatively flat upper portion of the watershed. 
The drainage systems are moderately well developed. The valleys are 
relatively shallow, and the streams have low gradients. The major tributary 
to the lake is East Fork Silver Creek, which may be seen in figure 1. It is 
joined by Little Silver Creek and two unnamed tributaries above the lake. 
There are many minor streams which are part of the drainage system. East Fork 
Silver Creek is a fourth-order stream. Many first-order streams with moder-
ate to steep slopes contribute directly to the lake. 
Soils 
Table 1 lists the soils found within the Highland Silver Lake watershed 
and gives a brief description of each. This information was obtained from 
the Soil Conservation Service. A detailed soils map will be available in the 
final report. 
Land Use 
The predominant land use in the watershed is agriculture. The major 
crops are corn, soybeans, and wheat. The principal crop rotations are: 
corn/soybeans; corn/soybeans/wheat/double crop soybeans; soybeans/wheat/ 
double crop soybeans; corn/soybeans/wheat/meadow; and corn/corn/soybeans/ 
wheat/four years of meadow. 
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Table 1. Description of Soils in Highland Silver Lake Watershed 
Map 
no. Soil name Description 
8 (Hickory) A steep, well drained soil with a dark grayish brown silt 
loam surface layer about 4 inches thick. the subsurface 
layer is yellowish brown silt loam, 6 inches thick. The 
mottled subsoil is dark yellowish brown loam in the upper 
part; yellowish brown and pale brown clay loam in the 
middle part; and light yellowish brown clay loam in the 
lower part. Reaction in the subsoil is strongly acid to 
neutral. Water moves through the soil at a moderate 
rate. The depth of the water table is greater than 6 
feet. The available water capacity is high. 
517 (Marine) A nearly level somewhat poorly drained soil with a dark 
grayish brown silt loam surface layer about 9 inches 
thick. The subsurface is mottled brownish gray silt 
loam, 8 inches thick. The mottled subsoil is brown silty 
clay in the upper part; brown and grayish brown silty 
clay loam in the middle part; and brownish gray silty 
clay loam and silt loam in the lower part. Reaction in 
the subsoil is extremely acid to slightly acid. Water 
movement through this soil is slow. Depth to the water 
table is 1 to 3 feet from March to June. The available 
water capacity is high. 
41 (Muscatine) Somewhat poorly drained soil formed in loess under vege-
tation on uplands. The surface layer is black and very 
dark brown silty clay loam. The subsoil is very dark 
grayish-brown and dark grayish-brown. 
46 (Herrick) A nearly level to gently sloping soil with a dark colored 
silt loam surface. A very dark grayish brown subsurface, 
and a mottled brown and gray silty clay loam subsoil. 
This soil is somewhat poorly drained and has moderately 
slow permeability. Available moisture capacity is very 
high to high. 
50 (Virden) A nearly level to depressional soil with a dark colored 
silty clay loam surface and a gray silty clay loam sub-
soil. A poorly drained soil with moderately slow perme-
ability and a high to very high available moisture 
capacity. 
112 (see 993) 
113 (Oconee) A dark colored thin-surfaced soil with a distinct lighter 
colored subsurface, and a mottled brown and gray clay 
subsoil (claypan). This soil is somewhat poorly drained 
and has slow permeability and a high available moisture 
capacity. 
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Table 1. Continued 
119 (Elco) A light colored, well drained and moderately well drained 
soil formed in silty loess and the underlying loamy 
glacial till. Water moves downward through the soil at a 
moderate rate and surface runoff from cultivated areas is 
rapid. Available water holding capacity is high and 
natural fertility is somewhat low. 
165 (Weir) Poorly drained soil formed in loess on uplands. The 
surface layer is dark grayish-brown silt loam 8 inches 
thick. The subsurface layer is light brownish-gray silt 
loam 9 inches thick. The subsoil is mottled gray, firm 
silty clay loam in upper 22 inches and mottled light-
gray, firm silt loam in lower 7 inches. The underlying 
material is mottled light brownish-gray silt loam. Slopes 
range from 0 to 3 percent. Most areas are cultivated. 
214 (Hosmer) Hosmer soil is a moderately well drained soil with a 
brownish silty clay loam subsoil that tends to be some-
what dense and brittle in the lower part (fragipan). The 
fragipan slows air and water movement through the soil 
and hinders root penetration. Permeability is slow, 
while available moisture capacity is moderate to high. 
278 (Stronghurst) A light colored, somewhat poorly drained soil with a silt 
loam surface and a mottled grayish brown silty clay loam 
subsoil. Developed primarily in thick loess. Permeabil-
ity is moderate to moderately slow, and available 
moisture capacity is very high to high. 
279 (Rozetta) A light colored, moderately well drained soil with a silt 
loam surface and subsurface, and a brown silty clay loam 
subsoil. Developed primarily in thick loess. Perme-
ability is moderate to moderately slow, and available 
moisture capacity is very high to high. 
280 (Fayette) A light colored, well drained soil with a silt loam 
surface and subsurface layer and a brown, silty clay loam 
subsoil. Developed primarily in thick loess. Permeabil-
ity is moderate and available moisture capacity is high 
to very high. 
333 (Wakeland) A light colored, somewhat poorly drained silty soil with 
a weakly developed silty subsoil. It is slightly acid to 
neutral. Permeability is moderately slow. Available 
moisture capacity is high. A bottomland soil subject to 
flooding. 
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Table 1. Continued 
334 (Birds) A nearly level, light colored, poorly drained silty soil 
with a silty subsoil. It is slightly acid to neutral. 
Permeability is slow. Available moisture capacity is 
high. A bottomland soil subject to flooding and 
ponding. 
415 (Orion) A nearly level, light colored, somewhat poorly drained 
silty soil underlain at about 18 inches by a dark colored 
buried silty soil. Permeability is moderate. Available 
moisture capacity is very high. A bottomland soil 
subject to flooding. 
474 (Piasa) A dark colored, poorly drained silty soil with a light 
colored subsurface layer, and a drab, silty clay loam 
subsoil. The dark colored surface is less than 10 inches 
thick. The subsoil is high in exchangeable sodium. 
Permeability is very slow to slow, and available moisture 
capacity is low to moderate. 
583 (Pike) A light colored, well drained soil with silt loam 
surface, a lighter colored silt loam subsurface, and a 
brown, silty clay loam subsoil. Developed in moderately 
thick loess. Permeability is moderate and available 
moisture capacity is high. 
585 (Negley) A moderately steep, well drained soil on sideslopes with 
a dark grayish brown loam surface layer about 3 inches 
thick. The subsurface is yellowish brown loam, 4 inches 
thick. The subsoil is yellowish red clay loam in the 
upper part; strong brown clay loam in the middle part; 
and reddish yellow and yellowish red sandy clay loam and 
gravelly clay loam in the lower part. Reaction in the 
subsoil is medium acid to strongly acid. Water movement 
through this soil is moderate in the upper part and rapid 
in the lower part. Depth to the water table is greater 
than 6 feet. The available water capacity is moderate. 
620 (Darmstadt) A moderately dark colored, somewhat poorly drained soil 
with a silt loam surface, a lighter colored silt loam 
subsurface, and a mottled brown and gray sodium affected 
subsoil. Permeability is slow to very slow, and avail-
able moisture capacity is low to moderate. 
801 (Orthents, silty) 
This mapping unit consists of areas which have had the 
surface layer and subsoil altered by the addition or 
removal of silt loam or silty clay loam material. The 
soil materials added to this unit are usually mixed but 
some are in layers. In the uplands it is silt loam or 
silty clay loam and is found mainly around highway inter-
changes and in urban areas. Textures are mainly silty 
clay loam. Slopes range from 0 to 3 percent, but some 
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Table 1. Continued 
cutbanks are nearly vertical. Runoff from most areas in 
this unit is medium. Water movement varies because of 
the variable nature of the soil material and compaction 
by construction equipment. Available water capacity is 
usually high. 
802 (Orthents, loamy) 
This mapping unit consists of areas which have had the 
surface layer and subsoil altered by the addition or 
removal of loam or clay loam material. The soil 
materials added to this unit are usually mixed but some 
are in layers. It is found on levees, on highway inter-
changes, and in urban areas of the American Bottoms. 
Textures are mainly loam and clay loam. Slopes range 
from 0 to 5 percent, but some cutbanks are nearly 
vertical. Also sideslopes on levees often exceed 20 
percent. Runoff from most areas in this unit is medium; 
however, runoff from the levees is rapid. Water movement 
varies because of the variable nature of the soil 
material and compaction caused by construction equipment. 
Available water capacity is usually high. 
916 (Darmstadt-Oconee Complex) 
This mapping unit consists of gently sloping, somewhat 
poorly drained soils on broad ridges and knolls on 
uplands. The unit contains Darmstadt and Oconee soils in-
such intricate patterns that it is not practical to 
separate them in mapping. 
920 (Rushville-Huey Complex) 
This mapping unit consists of nearly level, poorly 
drained soils on broad flats and depressions on uplands. 
This unit contains Rushville and Huey soils in such 
intricate patterns that it is not practical to separate 
them in mapping. 
The Rushville soil has a dark grayish brown silt loam 
surface layer about 8 inches thick. The subsurface is 
dark grayish brown and light brownish gray silt loam, 12 
inches thick. The mottled subsoil is light brownish gray 
silty clay loam in the middle part, and olive gray silty 
clay loam in the lower part. 
The Huey soil has a dark grayish brown silt loam surface 
layer about 9 inches thick. The subsurface is grayish 
brown silt loam, 5 inches thick. The mottled, sodium-
containing, grayish brown and light brownish gray subsoil 
is silty clay loam in the upper part and silt loam in the 
lower part. 
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Table 1. Concluded 
936 (Fayette-Hickory Complex) 
This mapping unit consists of steep, well drained soils 
on sideslopes. Fayette soils are on the upper part of 
the sideslopes and Hickory soils are on the lower part. 
The areas of Hickory soils are in intricate patterns with 
Fayette soils and are too small in size to be mapped as 
individual units. 
941 (Virden-Piasa Complex) 
This mapping unit consists of nearly level, poorly 
drained soils on low broad flats. This unit contains 
Virden and Piasa soils in such intricate patterns that it 
is not practical to separate them in mapping. 
967 (Hickory-Gosport Complex) 
This mapping unit consists of steep, well drained Hickory 
and moderately well drained Gosport soils on sideslopes. 
Hickory soils are generally on the upper part of the 
sideslope on which Gosport soils are on the lower part. 
The Hickory soils are in an intricate pattern with the 
Gosport soils, which are too small and narrow in size to 
be mapped individually. 
The Gosport soil has a dark grayish brown silt loam 
surface soil about 5 inches thick. The subsoil is 
yellowish brown silty clay loam in the upper part; brown 
and yellowish brown silty clay in the middle part; and 
grayish brown and light olive brown silty clay in the 
lower part. 
993 (Cowden-Piasa Complex) 
This mapping unit consists of nearly level, poorly 
drained soils on flat uplands. The Cowden and Piasa 
soils are so intricately mixed that it is not practical 
to separate them in mapping. 
The Cowden soil has a dark grayish brown silt loam 
surface layer about 9 inches thick. The subsurface is 
grayish brown silt loam, 6 inches thick. The mottled 
subsoil is dark grayish brown silty clay loam in the 
upper part; dark grayish brown silty clay in the middle 
part; and light brownish gray silty clay loam in the 
lower part. 
995 (Herrick-Piasa Complex) 
This mapping unit consists of nearly level, somewhat 
poorly drained Herrick soils and poorly drained Piasa 
soils on broad flats and slight rises on uplands. The 
Herrick and Piasa soils occur in such intricate patterns 
that it is not practical to separate them in mapping. 
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The various land uses, their acreages, and the percentage of the water-
shed occupied by each are presented in table 2. 
Table 2. Land Use in the Highland Silver Lake Watershed, 1982 
Land use 
Cropland 
Pasture/hayland 
Woodland 
Urban 
Feedlots 
Gravel pit 
Interstate 
Residential 
Wildlife 
Farmsteads 
Water 
TOTAL 
Acres 
25,205 
1 ,662 
1,250 
210 
116 
15 
49 
356 
327 
619 
830 
30,639 
Percent of 
watershed 
82.3 
5.4 
4.1 
0.7 
0.3 
0.0 
0.2 
1.2 
1.1 
2.0 
2.7 
100.0 
Watershed Management 
As pollutant inputs to the lake from point sources have been reduced, 
land activities, particularly agriculture, have continued their nonpoint 
source pollution input. Soil is considered a pollutant because 1) as 
sediment, its volume reduces stream and lake capacities; 2) sediment can 
cause high turbidity, which inhibits respiration and photosynthesis and can 
upset stream and lake ecosystems by settling out, thereby destroying benthic 
habitats; and 3) other pollutants such as fertilizer, pesticides, metals, 
toxic waste, nutrients, and bacteria can be absorbed by or attached to soil 
particles and thereby be transported along with the sediment. Soil loss from 
fields has severe negative impacts on agricultural production capacity (North 
Carolina Agricultural Extension Service, 1982). 
Critical areas for this project (those with potential for severe 
erosion) have been defined as agricultural land with natric soils with slopes 
exceeding 2 percent or alfic soils with slopes greater than 5 percent 
(SIMRPC, 1983). 
In addition to runoff from fields, runoff from feedlots can degrade 
water quality in the receiving streams. Feedlot runoff contains high concen-
trations of soluble nutrients and organic particulates. 
The following BMPs are a summary of the measures used for the Highland 
Silver Lake project. 
A) Permanent Vegetative Cover 
In this method row cropped fields are taken out of production and 
grasses and/or legumes are planted. These plants provide protective cover 
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which reduces detachment of soil from raindrop impaction. Their dense root 
system prevents rill erosion. 
B) Animal Waste Control System 
When feedlot animal waste is controlled, receiving streams receive fewer 
nutrients. The feedlot runoff can be managed by preventing manure from 
leaving its feedlot. In conjunction, a filter strip can be used, which 
causes the feedlot runoff to pass through a densely grassed area. The runoff 
is reduced by increased infiltration, and nutrient levels are reduced by 
plant uptake and utilization of the waste. The effectiveness of a filter 
strip is affected by variables such as filter width, slope, type of vegeta-
tion, sediment size distribution, degree of filter submergence, runoff appli-
cation rate, and initial sediment concentrations. 
C) Terrace System 
Terraces inhibit erosion by decreasing the slope length and steepness, 
which in turn reduces the transport of detached soil particles. Terraces 
promote infiltration and reduce runoff volume. 
D) Diversion System 
Diversions are channels constructed across a slope within a field so 
that the soil transport capacity of the runoff is reduced. Erosion downslope 
of the diversion is reduced, as is the erosion upstream due to the decreased 
slope length. A diversion channel usually terminates in a waterway system 
for transport of the concentrated flow. 
E) Waterway System 
Waterway systems facilitate the disposal of surface runoff once it has 
left the field. Waterways are constructed on natural field depressions or at 
the edges of fields, where runoff tends to concentrate, so they tend to 
prevent rill and gully formation. The waterways are usually grassed to 
prevent erosion within the channel. 
F) Conservation Tillage System 
This practice includes no-till, sod planting, minimum tillage, chisel 
plowing, and slot planting, all of which involve leaving protective amounts 
of crop residue on the surface of the field. Conservation tillage systems 
generally reduce the volume of surface runoff by infiltration and prevent 
erosion by reducing soil detachment by raindrop impaction and thus the 
resulting transport. 
G) Cropland Protective System 
Lumped into this group are non-structural systems that prevent erosion 
from fields. Contour farming involves placing ridges and furrows perpen-
dicular to the field slope, which reduces sediment transport by allowing 
increased infiltration of water. The volume of runoff is then reduced. 
Contour farming is most effective on fields of moderate slope which are free 
of depressions and gullies. 
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A cover crop of close growing grasses, legumes, or small grain may be 
grown for seasonal soil protection and for conservation tillage residue. 
Rotating row crops with a cover crop improves soil structure, organic 
matter content, and infiltration as compared to continuous row cropping. As 
with all cover crops, the cover crop can significantly reduce detachment of 
soil from raindrop impaction as well as the volume of runoff by allowing the 
water to infiltrate. 
H) Stream Protective System 
Stream channels can contribute a significant amount of sediment by 
streambank and streambed erosion. Natural conditions that require protective 
measures include: 
1) Bare, nearly vertical, unprotected banks 
2) Channel bank sloughing on straight sections and bends 
3) Rapid loss of streambank on the outside of a channel bend 
4) Point bar buildup on the inside or immediately downstream of a bend 
Stream stabilization measures include slotted board fencing and concrete 
jacks which are designed to reduce velocity (this encourages deposition of 
the sediment, which tends to reinforce the bank) and riprap, which armors the 
streambank, protecting it from the erosive forces of the stream. 
I) Sediment Retention Structure 
This practice retains sediment which has already been detached and 
transported from the fields before it can enter a watercourse. Sediment 
ponds may effectively retain small particles which cannot be controlled by 
land treatment. A structure usually consists of a dam and an outlet sized to 
allow sufficient time for the sediment to settle. 
Sediment that has already been detached and transported from the fields 
is impounded with the runoff and is allowed to deposit. Downstream water 
quality is improved but this method does nothing to improve or maintain the 
production capacity of the fields. 
J) Fertilizer Management 
When fertilizers are applied in correct proportions, no nutrients will 
be left for transport to the stream. Correct application of fertilizers and 
pesticides promotes maximum effectiveness of these chemicals and reduces 
pollution to either surface or ground water. 
PROJECT GOALS AND OBJECTIVES 
Project water quality goals are: 1) reduce turbidity and increase 
visibility in the lake to greater than 2 feet, and 2) reduce total suspended 
solids concentrations to an average of less than 25 mg/l. Goals for nutrient 
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concentrations will be established if a reduction in suspended solids leads 
to a eutrophication problem. 
To reach the project water quality goals the project calls for: 
1) reduction of the detachment and transport of soil particles by increasing 
ground cover, 2) maximization of the opportunity for settling of the sus-
pended particles before they reach a watercourse, and 3) reduction of the 
nutrient input through better management of livestock wastes. 
Monitoring Site Selection Criteria 
The monitoring sites selected were in locations where best management 
practices (BMPs) were implemented or about to be implemented so that an 
assessment of the changes in water quality might be made. Control sites were 
monitored for comparison purposes. The actual criteria used for each moni-
toring component are discussed in the following sections. 
DATA COLLECTION 
Gross Erosion 
Gross erosion assessment is a part of the erosion-sedimentation study in 
the watershed. The Universal Soil Loss Equation was used to compute the soil 
loss rates (SCS, 1974). A plan was developed to compute the soil loss rate 
on the basis of the newly developed geographical information system on the 
watershed. The results will be presented in the final report. An inventory 
of soils, present land use, and land management practices will also be con-
ducted for the watershed. 
Precipitation 
Precipitation was monitored at three locations within the Highland 
Silver Lake watershed, as shown in figure 1. The sites were located so that 
both the temporal and spatial variations of precipitation could be obtained. 
The criteria for site selection were: a location away from objects that 
might interfere with precipitation collection, landowner cooperation, and 
ready accessibility of the site. 
Belfort Universal Recording Rain Gages (weighing type) provided a con-
tinuous time distribution graph of precipitation. From graphs of precipi-
tation (rain and/or snow), the total amount and rate of precipitation could 
be obtained. Comparison of hydrographs from all the stations allowed the 
calculation of spatial and temporal distribution of the storm events. 
The charts were collected on a weekly basis and sent to the Illinois 
State Water Survey for digitizing. Computer records of the precipitation 
were compiled on the CYBER computer located at the University of Illinois. 
The computer records could then be used to calculate daily and monthly pre-
cipitation, storm frequency, and depth-area-duration analysis. 
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Runoff 
Runoff was monitored on both a field and sub-basin level. On the field 
level six sites were originally planned, although eight sites were eventually 
installed. On the sub-basin level three stations were installed on the major 
tributaries to the lake and one was installed at the spillway of the lake. 
Field Sites 
To monitor the runoff at the field sites, 2-foot and 4.5-foot H-flumes 
were used. These flumes act as open channel flow nozzles where a known flow 
rate is passed for a given height of water. They are designed to provide a 
fixed stage-discharge rating relationship, which is necessary to measure 
flow. Detailed information on the H-flume specifications can be found in a 
USDA publication (Brakensiek et al., 1979). These flumes were selected 
because they are able to pass debris and heavy silt loads while still main-
taining accuracy over a wide range of flow conditions. 
Final site selection and installation were performed by ISWS personnel. 
Six 4.5-foot H-flumes were installed (for the locations, refer to figure 1). 
Four sites were located where BMPs were about to be implemented, and two 
sites were to be used as controls. In addition, one 2-foot H-flume was 
installed at a feedlot operation. 
At one site where a culvert was installed as part of a BMP, no H-flume 
was installed. After the field installation was surveyed and the hydraulic 
parameters were determined, a stage-discharge relationship was obtained for 
the culvert. Table 3 gives information on the drainage areas, soil types, 
and BMPs for the field sites. 
The selection criteria used specified that the sites must have: 
1) Representative slopes, soils, and land use 
2) Outlet into a defined watercourse 
3) Landowner cooperation 
4) Rural Clean Water Program (RCWP) funding to ensure BMP 
implementation 
5) Accessibility 
6) Expected peak flow of less than 80 cfs, with approximately 100 acres 
of area when possible 
7) Suitability for equipment installation and operation 
At the seven H-flume sites and one culvert site, stages were monitored 
during event runoff. There was no flow between events at the field sites. A 
stilling well was attached to the flume or culvert and stage monitored with a 
Leupold and Stevens Type F recorder, Model 68. The recorder would start 
automatically when a predetermined stage was reached which activated a 
"watchdog," or the recorder could be hand activated. 
Since the field sites were located in such widely varying watersheds, 
the recorder gearing ranged from 12 to 48 hours in order to capture the 
entire hydrograph with enough definition. Due to the wide spacing between 
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Table 3. Drainage Area, Soil Types, and Best Management Practices 
at the Field Sites 
Monitoring 
site 
FS1 
FS2 
FS3 
FS4 
FS5 
FS6 
FS7 
FS8 
GS1 
GS2 
GS3 
SW 
Drainage 
area 
(acres) 
115* 
332* 
58* 
180* 
3* 
19,916 
13,080 
3,037 
31,564 
Soils 
Natric 
Natric 
Mollic/Alfic 
Natric 
Natric 
Natric 
Natric/Alfic/Mollic 
Natric 
Natric/Alfic/Mollic " 
" 
" 
BMP 
Conventional tillage 
Grassed waterway and dam 
Side waterway, diversion 
and no till 
Minimum tillage (partial acreage) 
and small terrace 
None 
None 
None 
Feedlot treatment (filter strip) 
*Based on field inspection 
FS = field site 
GS = gaging station 
SW = spillway site 
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the field sites, which prevented all sites from being visited, an instrument 
was developed to record the time when the recorder tripped. This was handled 
inexpensively with a mercury switch and a modified digital quartz clock. 
When the recorder tripped, the mercury switch was closed, which stopped the 
clock. Afterwards the clock was read for the time and date that the recorder 
tripped. 
Streamgaging Stations 
At three locations on the watershed gaging stations were used to monitor 
the flow in the streams. Two of these sites are on East Fork Silver Creek 
and one is on Little Silver Creek (for locations refer to figure 1; for 
drainage areas refer to table 3). 
The streamgaging stations each have a continuous water level recorder 
(Leupold and Stevens, Type A, Model 71) installed on top of a stilling well 
constructed of 24-inch corrugated metal pipe. The pipe, with its longitu-
dinal axis oriented vertically, was either bolted to a bridge or buried in 
the streambank and was placed with the bottom 2 to 3 feet below the normal 
water surface so that low flow stages could be obtained. When the pipe was 
buried in the streambank, the water level within the stilling well was 
connected to the stream by two 2-inch horizontal pipes. The instruments were 
placed above anticipated high water and were readily accessible. 
The stage-discharge relationship was obtained for the gaging station 
sites by discharge measurement. Data were extrapolated by using the stream 
geometry to calculate a backwater profile. Both sets of data were plotted 
and the curve with the best fit was utilized as the stage-discharge relation-
ship. Streamflow was then calculated using the recorded stage levels and the 
stage-discharge relationship. With additional discharge measurement data 
collected during the later phase of the project, the stage-discharge rela-
tionship will be modified. These changes will be reflected in the final 
report. 
Water level records from the streamgaging stations and flume sites were 
digitized and entered into the University of Illinois CYBER computer by ISWS 
personnel. 
Spillway 
In addition to the types of monitoring already mentioned, the amount of 
flow leaving the watershed was monitored at the spillway of Highland Silver 
Lake. The height of water in the lake was monitored daily by water treatment 
plant personnel. Daily stage readings were obtained from a porcelain enamel 
staff gage located near the water treatment plant. With the relationship 
between the staff gage and the spillway known, the lake level with respect to 
the spillway could then be obtained. 
The stage-discharge relationship was obtained by performing hydraulic 
calculations from the spillway geometry. The daily stage readings could then 
be transformed into daily discharge. 
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Water Quality 
Water quality sampling was performed at each of the stations that 
monitored runoff (eight field sites, three gaging stations, and the lake 
spillway). 
Methods of Sampling 
Water samples were obtained by three methods: 
1) Hand dipped bottle — The sample bottle is used to grab a water 
sample. This method is usually used for periodic sampling during low flows. 
2) Weighted bottle — A metal bottle holder attached to a rope is used 
to immerse the sample bottle into the stream or lake. This method is used 
for routine samples during medium to high flows. 
3) Automated sampler — The ISCO model 1680 was used in this project. 
The sampler was self-starting, activated by an electronic water level sensor. 
Samples were obtained by an internal pump which withdrew a specified amount 
of water at specified time intervals. Samples were stored in separate 
bottles within the sampler. This method of sampling was used for sampling 
storm runoff events to provide information as to the variation of the water 
quality parameters during elevated flow conditions. 
Sampling Schedule 
Four sampling frequencies were used for water quality monitoring: three 
per week (Monday, Wednesday, and Friday), biweekly, monthly, and event. 
Table 4 lists the sampling schedule and the parameters analyzed for each 
type of site. 
Laboratory Analysis 
Table 5 summarizes the methods of laboratory analysis (Standard Methods, 
1975). 
Stream Geometry 
Changes in stream channel geometry were monitored to assess the contri-
bution of stream channels to the overall erosion and deposition within the 
watershed. 
A total of 49 cross sections were obtained. Eleven were on the unnamed 
west tributary, 19 on Little Silver Creek, and 19 on East Fork Silver Creek. 
The first survey was completed in the fall of 1981. A follow-up survey was 
done in the fall of 1984. Locations of the surveyed cross sections are shown 
in figure 1 . 
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Table 4. Sampling Frequency and Parameter Coverage at the Monitoring Sites 
Spillway 
Gaging stations 
Field sites 
Three per week 
1 
1 
Sampling frequency 
Biweekly 
2 
2 
Monthly 
3 
3 
Event 
1 - Total suspended solids, total volatile suspended solids, turbidity, 
dissolved oxygen, pH, temperature, and conductivity 
2 - Same parameters as in 1 plus total phosphorus, total Kjeldahl nitrogen, 
dissolved phosphorus, ammonia, and nitrate-nitrite 
3 - Same parameters as in 1 and 2 plus calcium, magnesium, sodium, potassium, 
barium, boron, beryllium, cadmium, chromium, copper, cobalt, iron, lead, 
manganese, nickel, strontium, zinc, and mercury 
4 - Total suspended solids, total volatile suspended solids, turbidity, total 
Kjeldahl nitrogen, and total phosphorus 
For the first survey, the locations of the cross sections were deter-
mined from topographic maps with field verification. Cross sections were 
taken if the geometry or alignment of the stream changed along its length. 
Before the survey was made, posts were driven in on each bank to give a line. 
The posts were levelled to provide a convenient benchmark. Elevations across 
the cross section could then be obtained; distance was given by stadia and/or 
a tape. 
Changes in the stream channel geometry between 1981 to 1984 will be 
determined so that the relative erosion or deposition can be calculated. The 
volume of the loss or gain of streambed and bank material between adjacent 
surveyed cross sections is found by using the end area method. The end area 
method is based on the change in the cross-sectional areas and the distance 
between the sections. The equation is 
where v = volume 
E1 = upstream cross-sectional area 
E2 = downstream cross-sectional area 
L = distance along the stream between E1 and E2 
Results will be presented in the final report. 
Reservoir Sedimentation 
Sediment surveys were conducted on Highland Silver Lake in July 1981 and 
September 1984. For the surveys, 15 primary range lines were laid out for 
determining the sedimentation rate of the lake as a whole. In addition, 8 
19 
Table 5. Laboratory Analysis 
Parameter 
Temperature 
Dissolved 
oxygen 
Total 
suspended 
solids 
Volatile 
suspended 
solids 
Turbidity 
Conductivity 
pH 
Nitrate and 
nitrite 
Ammonia-N 
Total 
Kjeldahl 
nitrogen 
Total 
phosphorus 
Dissolved 
phosphorus 
Method of analysis 
On-site determination using 
Hydrolab 8002 
On-site determination using 
Hydrolab 8002 
Filtration on glass fiber 
filter, determination of 
increase in filter weight 
after drying at 103-105°C 
Loss of weight on glass 
fiber filter (above) upon 
ignition at 559°C 
Hach model 2100 A Turbidi­
meter 
Hydrolab 8002 
Hydrolab 8002 
Cadmium reduction method 
on Technicon Auto-Analyzer 
Phenate method on Technicon 
Auto-Analyzer 
Digestion at 370°C, determi­
nation by Technicon Auto-
Analyzer 
Digestion to convert all 
phosphorus forms to ortho-
phosphate followed by 
determination by ascorbic 
acid reduction method using 
Technicon Auto-Analyzer 
Field filtration followed by 
total phosphorus analysis as 
above 
Detection 
limit 
Nearest 
0.1 °C 
0.1 mg/l 
1.0 mg/l 
1.0 mg/l 
0.05 NTU 
Nearest 
1 μmhos/cm 
Nearest 
0.1 unit 
.01 mg/1 
.01 mg/1 
0.1 mg/1 
0.01 mg/1 
0.01 mg/1 
Analysis 
Field 
Field 
Laboratory 
Laboratory 
Laboratory 
Field 
Field 
Laboratory 
Laboratory 
Laboratory 
Laboratory 
Laboratory 
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Table 5. Concluded 
Parameter 
Metals 
Mercury 
Method of analysis 
Soft digestion with hot 
dilute HCI-HNO3, analysis 
by atomic absorption 
Digestion by H2SO4 and 
potassium persulfate 
followed by stannous 
chloride reduction, measured 
by atomic absorption 
Detection 
limit 
0.05 mg/l 
Analysis 
Laboratory 
Laboratory 
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secondary range lines were laid out for study of the small bay immediately 
upstream of the I-70 bridge (see figure 2). 
In the survey, sounding data were collected at regular intervals along 
each range line to determine both the original and current depths of the 
reservoir. All depth measurements were made with a 2-inch-diameter aluminum 
pole marked in tenths of feet. The pole was first lowered until it touched 
the current lake bottom, and a depth measurement was made. The pole was then 
pushed through the accumulated sediment until it hit the solid original lake 
bed, where another depth measurement was made. Horizontal control on each 
cross section was maintained either by a marked cable or by a cable with a 
meter (Bogner, 1982). 
Samples of the accumulated sediments were collected during the survey to 
determine particle size distribution and unit weight of the sediments. 
Multiple measurements and interpolation between data points allow the cal-
culation of total accumulated sediment and lost reservoir capacity. 
Streambed Material Analysis 
Sampling of streambed material was done at several sites on the unnamed 
west tributary, East Fork Silver Creek, and Little Silver Creek. Crest gages 
were installed at the streambed material sampling locations on the watershed: 
two on East Fork Silver Creek, four on Little Silver Creek, and three on the 
unnamed west tributary. The crest gages were installed so that a peak stage 
for an event could be obtained. Using the stream cross section survey, a 
backwater profile was made which utilized the points on the stage-discharge 
relationships at the gaging stations for calibration. Using the stage-
discharge relationships obtained by the backwater profile and the crest gage 
reading, an estimate of the peak discharge could be made at the streambed 
material sampling locations. 
Data Collection 
Streambed material samples were collected after an event. These samples 
were obtained by driving a small shovel into the streambed at a low angle to 
scoop out the top inch of the streambed material. The samples were placed 
in plastic bags and delivered to the ISWS Sediment and Materials Laboratory 
in Champaign for particle size analysis. 
Laboratory Analysis 
Analysis of the particle size distribution within each streambed sample 
was made using sieves for particles greater than 0.0625 mm and the pipette 
method for finer particles. After the samples were air dried and weighed, 
they were soaked overnight in water and wet sieved through a 0.0625 mm sieve. 
The subsamples with particle sizes greater than 0.0625 mm were oven-dried and 
sieved in a shaker assembly of vertically stacked sieves arranged in decreas-
ing sieve sizes. The result of this procedure is a group of subsamples which 
are divided into size classes and represent the percent of weight of the 
original sample contained within individual size classes. 
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Figure 2. Highland Silver Lake 1981 depth contours 
and cross section locations 
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Figure 2. Continued 
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Figure 2. Continued 
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Figure 2. Concluded 
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The subsamples which contained particles less than 0.0625 mm were 
treated with Sodium-Hexametaphosphate to disperse the clay and silt par-
ticles. The subsamples were then mechanically mixed in solution and samples 
were dried and weighed. The pipette method was used to measure the percent 
by weight that remains in suspension over a given length of time. 
Results of this laboratory analysis are presented as a cumulative size 
frequency weight percent. The laboratory results were not available at the 
time of the writing of this report. 
Statistical Analysis 
Statistical analysis of the laboratory results is necessary if one wants 
to compare one streambed sample to another. The particle size distribution 
of each sample can be quantitatively described using the mean of the distri-
bution, the standard deviation from the mean, and the skewness of the distri-
bution (Inman, 1952; Vanon, 1975). The statistical parameters are described 
below and will be discussed in the final report. 
Mean Particle Size. The mean particle size is used to describe the 
overall average particle size of a bed material sample. The mean used in 
this report is the geometric mean of the particle diameters at 16, 50, and 84 
percent of the sample weight. The mean is determined by using equation 2 for 
the geometric mean (dg) (Folk, 1974): 
where dn = particle diameter in millimeters at which n percent of the sample 
is coarser. 
Standard Deviation from the Mean. The standard deviation is a measure 
of the spread of particle sizes and is used as an estimate of the sorting of 
particle sizes within the sample. Equation 3 is used to calculate the geo-
metric standard deviation (og) proposed by Folk (1974): 
The geometric standard deviation 0g is used to calculate the range of 
particle sizes containing the central 68 percent of the distribution using 
equation 4. 
Equation 4 shows that as 0g increases, the range of sizes containing the 
central 68 percent of the distribution decreases. 
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Skewness of the Distribution. Skewness is an estimate of the degree of 
asymmetry of a sample's particle size frequency distribution. Skewness 
indicates which end of the frequency distribution exerts the greatest influ-
ence on the mean. In a symmetrical distribution the mean and the median 
coincide, but if the distribution is skewed the mean departs from the median. 
The value of the skewness gives the amount of departure of the distribution 
from the normal symmetric distribution. A positive value indicates an excess 
of fine particle sizes. Skewness is calculated using the formula for graphic 
skewness, Skg (Inman, 1952): 
Median Particle Size. The median is the middle value of the frequency 
distribution, that value at which 50 percent of the particles by weight are 
coarser and 50 percent are finer. This parameter is used to summarize dis-
tributions where the upper or lower 16 percent of the distribution was not 
analyzed for size. The reason that many of the samples were not analyzed for 
the full distribution is that these samples contain a significant amount of 
clay particles which would be prohibitively expensive to analyze for the full 
distribution. Extrapolation of values for the particle size distribution 
beyond the limits of laboratory analysis would be difficult and misleading. 
Therefore, the median value is substituted for the mean, and the standard 
deviation and skewness are not calculated. 
DATA ANALYSES 
Precipitation 
As shown in figure 1, there were three recording raingages used in the 
Highland Silver Lake study. The raingages were installed in September 1981. 
The results of the monthly precipitation data recorded from January 1982 
through March 1984 are presented in table 6. Included in this table are the 
results from a National Oceanic and Atmospheric Administration (NOAA) rain-
gage located in Belleville, Illinois, which was used for comparison purposes. 
The departure from normal at Belleville indicates whether the monthly pre-
cipitation was above normal, below normal, or normal in the Highland Silver 
Lake study area. 
An average of the precipitation recorded at the three raingages on the 
Highland Silver Lake watershed is used for the discussion. Monthly precipi-
tation amounts with no missing data were used to compute the average. The 
average precipitation was obtained by arithmetically averaging the gaged 
precipitation amounts in the study area. 
The amount of precipitation recorded during the period of data collec-
tion was somewhat above normal as indicated by the Belleville station. There 
was one extended dry period that occurred from May 1983 through September 
1983. The two months following this dry period experienced precipitation 
almost 10 inches above normal. In December 1982 the precipitation was sig-
nificantly above normal. Precipitation will be discussed in further detail 
in the following sections. 
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Table 6. Monthly Precipitation for the Highland Silver Lake 
Watershed, Highland, Illinois 
1 Belleville data missing; used Cahokia data 
2Missing data 
3Missing data — no significant effect on the amount of precipitation recorded 
Runoff 
Runoff data were collected at eight field sites, at three gaging 
stations, and at the spillway of Highland Silver Lake. Figure 1 shows the 
locations of these data collection sites within the watershed. 
Field Sites 
In table 7 the installation dates, dates that the first event was 
recorded, and number of events collected at each field site are presented. 
The field sites that were installed in 1981 were instrumented in January 
1982. Field sites 2, 3, and 8 were installed after the implementation of 
land management techniques and were instrumented during the installation. 
Differences in the number of events recorded at each field site occurred 
because of the time of installation, insufficient runoff, spatial distribu-
tion of precipitation, or equipment malfunctions. 
Table 7. Installation Dates, First Event Dates, and 
Number of Events at the Field Sites 
Field site 
number 
1 
2 
3 
4 
5 
6 
7 
8 
Flume 
size 
4.5 ft * 
4.5 ft 
4.5 ft 
4.5 ft 
4.5 ft 
4.5 ft 
2 ft 
Installation 
date 
November 1981 
September 1982 
August 1982 
October 1981 
October 1981 
October 1981 
November 1981 
September 1982 
First event 
date 
January 1982 
September 1982 
September 1982 
January 1982 
January 1982 
January 1982 
January 1982 
September 1982 
Number of 
events 
31 
9 
19 
29 
40 
37 
35 
24 
* 2-ft-diameter culvert (no flume) 
Since the watersheds of the field monitoring sites are comparatively 
small, the watercourses respond directly to precipitation and thus are 
classified as ephemeral. The time scale of the hydrograph was selected for 
each site so that enough definition would be obtained without sacrificing the 
tail end of the hydrograph. Due to the watchdog nature of the instruments 
used to record the hydrograph, an insignificant portion of the initial part 
of the hydrograph is not obtained. When an event was anticipated, the 
instruments were activated so that the total hydrograph was captured. 
Runoff ratios (precipitation divided by runoff) were computed for the 
field sites and are presented in table 8. Precipitation amounts were 
obtained from the nearest raingage with data. No attempt was made to average 
the precipitation amounts for the field sites since the temporal distribution 
of precipitation will be affected by the averaging. Complex storms, which 
30 
Table 8. Storm Event Runoff Ratios for the Field Sites 
(Rainfall and runoff in inches) 
Table 8. Continued 
Note: 1 Snowmelt 
2 Complex storm 
3 Incomplete hydrograph 
Table 8. Continued 
Table 8. Concluded 
Note: 1 Snowmelt 
2 Complex storm 
3 Incomplete hydrograph 
are periods of precipitation interspersed with periods of little or no pre-
cipitation, were accounted for in either of two ways. If the runoff hydro-
graph contained the number of peaks corresponding to the number of storms in 
the complex storm, the whole precipitation amount was used. Otherwise if 
only one peak was captured, the precipitation causing that one peak was used, 
which makes the procedure somewhat subjective. Some events occurring in the 
winter months were caused by runoff from melting snow and could not have a 
runoff ratio computed on an event basis. 
Runoff ratios suggest the conditions that exist on the watershed such as 
the antecedent moisture conditions, average and peak intensities of precipi-
tation, and condition of the ground (tilled, frozen, etc). Conditions change 
within a watershed over time. Watershed basin characteristics such as slope 
come into play with interwatershed comparisons. Direct comparisons between 
watersheds are difficult because data may not exist for one watershed or the 
recorded portions of the hydrographs may not be equal. 
Streamgaging Stations 
Discharge data were collected on a continuous basis at the gaging 
stations so both event and daily data are available. An event at a field 
site is defined as whenever there is flow. At the streamgaging stations an 
event is not so clearly defined. For consistency a computer program was used 
so that once a set of criteria was established, the criteria were followed 
precisely. The onset of the event was said to occur when the flow rate above 
1 cubic foot per second (cfs) would double within an hour. The peak flow 
rate must be above 25 cfs to be considered an event. The end of the event 
was taken to be when the difference between successive hourly flow rates was 
less than 1 cfs. So that inflection points in complex events are not taken 
to be cutoff points, the successive flow rates must be less than 10 cfs. With 
these criteria set, the runoff ratios for the gaging stations were calcu-
lated. They are presented in table 9. As with the field sites, the precipi-
tation amounts were obtained from the nearest raingage with data. 
The total monthly discharges and monthly runoff ratios are presented in 
table 10. The precipitation amounts used were an average of the available 
precipitation data recorded on the watershed. Major differences between the 
stations are caused, in part, by incomplete records. The greatest volume of 
water, which was obtained by normalizing the drainage area, was recorded at 
gaging station 1. It is felt that this was caused by subsurface flow enter-
ing the channel. This subsurface flow became increasingly important with an 
increasing drainage area. Water flowing within the bed of the channel was 
observed at gaging stations. A sustained period of no flow was observed at 
all the monitoring stations once during the monitoring period, during the 
drought in the summer of 1983. The highest runoff and runoff ratios were 
observed in late autumn, winter, and early spring. The causes of the ele-
vated runoff were high rainfall causing saturated conditions and frozen soil 
which allowed little infiltration. 
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Table 9. Storm Event Runoff Ratios for the Gaging Stations 
(Rainfall and runoff in inches) 
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Table 9. Continued 
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Table 9. Concluded 
1 Snowmelt 
2 Incomplete hydrograph 
Table 10. Monthly Runoff Ratios for the Gaging Stations 
(Precipitation and runoff in inches) 
1 Incomplete record 
2 Snowmelt 
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Spillway 
Stage data were collected at the spillway on a daily basis. There were 
no intensive stage data taken during events. Table 11 presents the monthly 
discharge and runoff ratios for the spillway. Included in this table is the 
amount of water used at the municipal water treatment plant. As a percentage 
of the flow leaving by the spillway the municipal use is small, about 2 
percent. 
The lake system is somewhat different from both the field and stream 
sites. The lake attenuates flow significantly. It also benefits from direct 
precipitation on it's surface that is not subject to losses such as intercep­
tion, evapotranspiration, and infiltration, as is the case with precipitation 
on land. On an average annual basis, lake evaporation is somewhat less than 
the precipitation. On an event basis direct precipitation on the surface of 
the lake can contribute a significant portion of the flow measured at the 
spillway. 
Sediment and Nutrient Loads 
Event Loads 
In the case of storm events that were discrete activities, the concept 
of the event mean concentration (EMC) was used. The EMC is the flow-weighted 
average value of each sampled water quality constituent for the entire storm 
event (Bender et al., 1983). EMC values were calculated according to the 
following equation: 
where 
EMCj = event mean concentration of parameter j 
Cj,i = instantaneous sample concentration for time i, and parameter j 
Qi = instantaneous discharge at time i 
Δt = time between samples 
When computing the EMC the units within the equation must be consistent. 
EMCs were computed for both the field sites and the gaging stations. 
In many instances the water quality concentration sampling does not 
coincide exactly with the discharge data. To ensure that the calculated EMC 
is representative of the storm event, the time or volume of flow between the 
instantaneous samples must not be too great. Storm events that had instan­
taneous samples that included at least 50 percent of the total event volume 
were selected for load computation. 
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Table 11. Monthly Runoff Ratios for the Spillway 
(Precipitation and runoff in inches) 
1 Incomplete record 
2 Snowmelt 
The results of the EMC and water quality load computations are presented 
in table 12. Field site 7 had the highest total suspended solids concentra-
tion, load, and load per acre. This is not unexpected due to the slope of 
the watershed. Field site 5 had large loads which could be attributed to the 
large size of the watershed. Field site 8 had the highest EMC values for 
total Kjeldahl nitrogen, total phosphorus, and chemical oxygen demand. The 
watershed of this field site is a feedlot. Additional discussion may be 
found in the "Water Quality Parameters" section. 
Monthly Loads 
To relate the suspended sediment and nutrient concentrations to the 
suspended sediment and nutrient loads, the following equation was used: 
Qs = 0.00269 Cs Qw (7) 
where 
Qs = load in tons per day 
Cs = concentration in mg/l 
Qw = flow rate in cfs 
There were no monthly loads computed for the field sites since not all 
events were monitored. Monthly totals of these discrete events would not be 
representative due to missing events. 
Because of the differences in the methods used in this report to compute 
the event and total loads of the water quality parameters, care must be taken 
in interpreting the results. As a consequence of the differences between the 
two methodologies, the loads computed using the event mean concentration 
method yield higher results than the loads calculated on a continuous basis. 
The discharge and water quality concentration data that were available 
for the spillway were instantaneous values. Since the sampling location was 
on the lake, it was assumed that the instantaneous water quality concentra-
tion samples and discharge data were representative of the entire day. The 
suspended sediment and water quality loads were determined from both these 
concentrations and the daily discharges. Missing concentrations were 
obtained by interpolating linearly from the data immediately prior to and 
following the missing data. 
The municipal water treatment plant draws lake water and in so doing 
draws off a portion of the suspended sediment and nutrients. Settling ponds, 
which collect the backwash water from the filters, are located west of the 
treatment plant. The backwash water is comprised in part of suspended sedi-
ment and the other water quality parameters which were monitored in this 
study. These ponds have been cleaned in the past but they were at capacity 
during the monitoring period so the ponds were short circuited. Therefore, 
for all practical purposes the material removed from the lake during water 
treatment is returned to the lake. In comparison to the flow over the spill-
way, the amount of water drawn off by the treatment plant is small, and since 
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Table 12. Event Mean Concentrations and Loads of the Water Quality Parameters 
Field Site 1 
Note: TSS = total suspended solids, TVS = total volatile solids, 
TKN = total Kjeldahl nitrogen, TPHS = total phosphorus, 
TURB = turbidity, COD = chemical oxygen demand, NA = not applicable 
280582 342.9 .339 74.5 .074 5.69 .00563 .98 .00097 609.8 86.1 .085 
310582 694.1 1.173 130.1 .220 2.42 .00409 .51 .00086 NA 49.2 .083 
150682 1507.0 1.384 53.5 .049 3.70 .00340 .52 .00047 527.9 97.7 .090 
170982 277.2 .239 44.1 .038 NA NA NA NA 182.2 NA NA 
061082 1087.3 1.267 99.8 .116 9.00 .01049 2.31 .00269 1446.9 211.3 .246 
271182 420.8 .129 84.8 .026 3.78 .00116 1.13 .00035 491.7 76.3 .023 
031282 307.1 1.584 64.4 .332 2.86 .01474 .76 .00390 409.8 65.9 .340 
010283 554.0 .298 68.4 .037 9.55 .00514 .84 .00045 147.7 71.3 .038 
180383 333.9 .632 45.0 .085 1.50 .00283 .45 .00084 190.5 94.9 .180 
201083 698.1 .034 103.8 .005 4.38 .00021 .94 .00005 211.6 111.8 .005 
031183 630.9 .055 68.8 .006 NA NA NA NA 67.1 NA NA 
191183 472.0 .297 61.2 .039 NA NA NA NA 228.8 NA NA 
271183 535.3 3.234 60.6 .366 NA NA NA NA 244.8 NA NA 
101283 728.8 4.355 63.5 .380 3.54 .02114 .76 .00453 211.5 86.4 .516 
Table 12. Continued 
Field Site 2 
180383 2050.5 2.611 122.7 .156 2.31 .00294 .45 .00058 269.8 130.3 .166 
010483 1784.2 1.134 162.1 .103 2.72 .00173 .46 .00029 229.9 119.6 .076 
191183 525.5 .424 64.9 .052 NA NA NA NA 50.8 NA NA 
271183 1190.9 3.636 115.0 .351 NA NA NA NA 274.8 NA NA 
101283 191.7 .967 25.4 .128 2.85 .01439 .77 .00390 136.5 34.4 .173 
Table 12. Continued 
Field Site 3 
061082 939.1 .987 86.5 .091 6.28 .00661 1.82 .00191 1141.6 132.8 .140 
261182 374.3 .002 42.6 .000 3.03 .00001 1.11 .00001 373.6 60.5 .000 
031282 563.4 .522 50.5 .047 3.24 .00300 1.41 .00130 557.0 61.7 .057 
010283 1144.4 .203 135.3 .024 2.32 .00041 .96 .00017 162.1 47.2 .008 
180383 926.1 .054 80.0 .005 1.69 .00010 1.08 .00006 308.6 71.0 .004 
010483 823.5 .172 71.1 .015 2.17 .00045 1.24 .00026 312.0 96.6 .020 
130483 1574.1 5.873 119.6 .446 2.58 .00961 1.53 .00571 75.0 92.2 .344 
270483 611.6 .148 88.8 .022 8.00 .00194 1.17 .00028 121.8 68.0 .016 
030683 795.1 3.691 47.7 .221 4.42 .02051 1.18 .00548 66.8 106.8 .496 
211083 28.0 .000 9.0 .000 2.90 .00004 1.20 .00001 16.0 33.0 .000 
101283 254.7 .147 7.4 .004 2.03 .00117 .68 .00039 122.6 38.0 .022 
Table 12. Continued 
Field Site 4 
160282 20.2 .018 12.7 .011 NA NA NA NA 6.4 NA NA 
280582 471.1 .487 87.2 .090 7.88 .00814 1.27 .00132 847.4 128.3 .132 
070682 516.3 .698 55.4 .075 NA NA NA NA 25.6 NA NA 
160682 383.8 .918 44.7 .107 5.35 .01280 .96 .00229 403.7 110.9 .265 
061082 191.3 .494 23.5 .061 2.21 .00571 .76 .00196 91.6 65.3 .169 
081082 333.1 2.454 40.1 .295 NA NA NA NA 172.6 NA NA 
261182 78.8 .194 15.7 .039 3.13 .00771 1.42 .00350 90.6 53.2 .131 
031282 129.7 .995 33.6 .258 2.14 .01645 .91 .00699 195.0 51.1 .392 
180383 134.4 .487 19.2 .070 1.30 .00471 .45 .00165 112.1 65.3 .237 
200383 8.8 .009 5.1 .005 .53 .00053 .28 .00028 43.0 35.3 .035 
010483 248.2 .498 38.8 .078 1.77 .00354 .42 .00084 76.6 63.1 .126 
130483 804.0 13.079 97.3 1.583 2.00 .03246 .79 .01278 56.4 94.3 1.534 
130583 189.3 .006 48.3 .002 2.74 .00009 .74 .00002 31.3 67.6 .002 
201083 33.7 .020 8.1 .005 1.61 .00095 .86 .00051 15.2 45.8 .027 
211083 60.8 .017 9.8 .003 1.36 .00039 1.02 .00029 14.4 42.1 .012 
031183 81.4 .018 16.5 .004 NA NA NA NA 24.1 NA NA 
191183 161.8 .110 28.1 .019 NA NA NA NA 179.2 NA NA 
271183 221.0 1.058 36.8 .176 NA NA NA NA 142.9 NA NA 
210484 619.1 4.348 90.0 .632 3.81 .02673 .65 .00457 177.9 82.3 .578 
Table 12. Continued 
Field Site 5 
280582 3868.9 21.628 321.7 1.798 20.26 .11327 2.40 .01341 2474.6 350.2 1.958 
040682 199.3 .575 42.1 .121 2.22 .00641 .52 .00150 NA 40.6 .117 
070682 793.2 15.705 63.0 1.247 NA NA NA NA NA NA NA 
150682 314.3 1.060 22.5 .076 2.33 .00787 .57 .00194 188.7 56.2 .190 
100782 109.1 2.365 23.0 .499 1.95 .04231 .52 .01133 63.6 49.9 1.083 
170982 77.6 1.397 16.1 .289 1.68 .03026 .45 .00805 36.4 40.0 .721 
061082 507.1 3.336 121.6 .800 5.01 .03295 2.31 .01521 499.6 131.7 .867 
261182 60.0 .134 18.7 .042 2.25 .00501 .73 .00162 126.2 49.6 .110 
021282 664.8 40.186 87.3 5.278 NA NA NA NA 573.2 NA NA 
231282 515.0 23.842 44.1 2.041 4.90 .22700 1.07 .04934 479.1 113.4 5.252 
020283 128.1 1.885 33.5 .494 2.77 .01077 .48 .00709 168.7 42.8 .629 
060383 103.0 .031 13.1 .004 2.35 .00071 .21 .00006 45.4 54.4 .016 
180383 251.9 2.739 35.1 .382 2.04 .02215 .33 .00356 162.2 NA NA 
200383 78.4 .583 16.6 .124 .89 .00663 .36 .00268 71.2 44.8 .333 
010483 334.8 5.316 56.7 .900 1.70 .02696 .44 .00694 123.8 75.3 1.196 
300483 79.9 .288 18.5 .067 2.04 .00736 .28 .00101 71.4 55.4 .200 
280683 111.4 .934 1.1 .009 2.44 .02043 .77 .00649 12.9 47.2 .395 
201083 31.2 .222 10.6 .075 1.84 .01309 .86 .00613 28.8 52.2 .372 
031183 131.1 1.119 20.2 .172 2.13 .01818 .74 .00628 37.0 53.1 .454 
191183 169.0 4.920 33.2 .965 NA NA NA NA 97.3 NA NA 
231183 249.4 6.605 33.5 .887 NA NA NA NA 174.0 NA NA 
101283 779.5 32.026 95.6 3.929 4.02 .16534 .96 .03955 207.5 90.0 3.699 
240384 201.0 1.417 21.4 .151 1.84 .01297 .42 .00294 202.6 46.4 .327 
210484 417.9 9.777 357.7 8.369 2.10 .04911 .39 .00915 160.5 51.0 1.193 
Table 12. Continued 
Field Site 6 
280582 999.0 3.309 60.1 .199 3.23 .01069 . .93 .00308 229.7 NA NA 
310582 2193.2 4.777 251.2 .547 4.69 .01021 1.03 .00225 0.0 105.2 .229 
100782 1392.6 10.447 122.5 .919 5.42 .04065 1.18 .00884 796.3 143.0 1.072 
170982 314.7 .055 32.2 .006 2.13 .00037 .61 .00011 117.8 58.6 .010 
061082 290.7 .581 24.0 .048 1.88 .00376 .71 .00142 68.9 64.9 .130 
021282 1433.3 8.146 97.7 .555 9.99 .05680 1.54 .00875 1455.4 234.6 1.333 
031282 448.6 1.938 87.7 .379 3.90 .01684 .83 .00358 580.8 88.0 .380 
010283 254.5 .277 65.5 .071 3.19 .00347 .66 .00072 244.2 73.7 .080 
030683 1377.1 .124 1215.5 .110 6.65 .00060 1.57 .00014 6.4 157.5 .014 
031183 215.6 .092 28.8 .012 NA NA NA NA 43.7 NA NA 
191183 152.0 .355 25.2 .059 NA NA NA NA 36.8 NA NA 
101283 152.9 1.209 25.4 .201 1.43 .01128 .72 .00571 113.0 36.8 .291 
190384 178.3 .241 7.4 .010 2.19 .00297 .59 .00080 193.9 60.4 .082 
030484 736.9 5.769 56.0 .438 3.24 .02538 .69 .00544 199.2 83.1 .650 
210484 92.4 .350 11.1 .042 13.38 .05070 .35 .00134 9.6 33.3 .126 
Table 12. Continued 
Field Site 7 
280582 16628.9 22.785 948.1 1.299 NA NA NA NA NA NA NA 
150682 4863.4 8.186 234.0 .394 5.45 .00917 1.47 .00247 2447.8 237.5 .400 
010982 1778.1 1.728 183.3 .178 4.36 .00424 1.21 .00118 961.2 132.9 .129 
020982 1143.7 1.470 123.6 .159 2.42 .00311 .73 .00093 419.9 80.3 .103 
170982 838.0 1.007 66.6 .080 2.94 .00353 .95 .00114 506.3 77.4 .093 
061082 2465.9 14.425 155.7 .911 9.44 .05520 1.73 .01010 1540.8 222.8 1.304 
021282 906.0 21.876 55.1 1.331 4.99 .12048 2.59 .06265 727.4 93.4 2.255 
031282 434.9 8.796 57.9 1.171 1.92 .03876 .41 .00822 297.1 51.0 1.031 
180383 974.4 7.165 154.9 1.139 1.37 .01008 .48 .00351 232.1 58.3 .429 
010483 2043.5 8.196 126.0 .505 2.38 .00953 .82 .00328 217.2 124.0 .498 
231183 5656.5 36.984 339.6 2.221 NA NA NA NA 274.1 NA NA 
240384 3468.4 60.034 208.7 3.612 4.73 .08186 1.10 .01903 191.2 116.7 2.020 
Table 12. Continued 
Field Site 8 
010982 31.7 .000 19.7 .000 5.13 .00000 4.70 .00000 6.6 116.7 .000 
170982 92.5 .001 21.0 .000 5.05 .00005 3.50 .00003 34.5 59.0 .001 
061082 168.8 .007 49.1 .002 10.73 .00043 5.24 .00021 191.8 202.3 .008 
021282 85.9 .013 11.4 .002 4.37 .00065 2.25 .00033 187.0 70.3 .010 
031282 59.2 .011 20.0 .004 2.17 .00039 1.62 .00029 150.7 52.0 .009 
010283 186.5 .011 76.8 .005 21.55 .00129 6.02 .00036 157.0 430.6 .026 
180383 226.6 .014 61.4 .004 9.84 .00061 4.77 .00030 59.3 402.5 .025 
200383 105.6 .001 85.6 .000 29.00 .00016 11.00 .00006 64.7 NA NA 
010483 329.2 .011 94.4 .003 10.04 .00032 4.05 .00013 28.0 353.5 .011 
130483 252.4 .076 102.9 .031 13.68 .00413 6.65 .00201 12.4 382.8 .116 
280483 202.4 .004 124.3 .002 42.00 .00081 13.27 .00025 130.8 953.7 .018 
130583 155.0 .002 50.0 .001 12.88 .00017 7.16 .00010 4.1 235.4 .003 
030683 217.6 .088 104.3 .042 17.18 .00692 5.95 .00240 60.2 289.7 .117 
201083 61.4 .001 45.5 .001 10.99 .00024 5.66 .00012 33.0 215.2 .005 
211083 33.9 .000 26.6 .000 8.72 .00012 4.24 .00006 47.6 169.1 .002 
191183 97.3 .005 70.1 .004 NA NA NA NA 200.4 NA NA 
271183 56.2 .002 45.7 .002 13.36 .00054 5.23 .00021 99.7 251.5 .010 
101283 73.6 .008 56.9 .006 20.36 .00222 5.92 .00064 27.7 371.8 .040 
190384 79.1 .002 11.6 .000 44.32 .00105 13.89 .00033 99.7 763.6 .018 
Table 12. Continued 
Gaging Station 1 
290182 439.6 1915.655 81.9 370.072 NA NA NA NA 174.8 NA NA 
310582 654.2 1226.815 105.9 198.547 2.70 5.05602 .63 1.17743 NA NA NA 
070682 980.2 1271.235 38.8 50.273 NA NA NA NA 228.0 NA NA 
010982 171.2 24.286 51.7 7.336 2.00 .28320 .76 .10783 116.3 68.3 9.694 
020982 103.5 6.969 27.4 1.843 2.16 .14552 .81 .05441 81.4 56.7 3.822 
170982 643.0 454.319 84.8 59.919 2.85 2.01495 .93 .65644 308.3 65.5 46.281 
061082 648.4 1824.306 61.9 174.306 NA NA NA NA 491.5 NA NA 
221182 40.5 21.573 18.1 9.661 NA NA NA NA 44.6 NA NA 
261182 131.0 192.253 15.4 22.664 NA NA NA NA 103.3 NA NA 
021282 541.5 3561.197 57.2 376.253 4.43 29.12307 1.05 6.91685 557.3 92.5 608.699 
020283 561.8 793.206 63.4 89.562 2.97 4.18842 .74 1.04875 ,220.4 53.9 76.134 
180383 673.8 1613.665 54.6 130.807 4.00 9.57231 .79 1.88025 117.6 78.7 188.541 
010483 443.4 568.662 50.1 64.283 2.94 3.76506 .74 .95265 148.7 98.6 126.419 
130483 900.1 3626.773 105.5 425.256 1.93 7.78711 .84 3.39482 61.9 96.2 387.418 
220583 343.1 89.856 64.3 16.845 3.05 .79997 .63 .16394 81.2 80.4 21.054 
030683 963.1 2754.660 123.3 352.550 5.22 14.92110 .72 2.04892 53.4 96.6 276.286 
280683 916.4 563.398 78.6 48.337 8.34 5.12710 1.30 .80061 67.0 159.6 98.091 
201083 262.6 145.581 44.0 24.408 3.31 1.83499 1.10 .61236 23.7 66.6 36.952 
031183 627.9 220.721 64.1 22.525 NA NA NA NA 27.5 NA NA 
191183 340.4 343.049 41.4 41.679 NA NA NA NA 179.4 NA NA 
231183 392.3 801.253 41.1 84.010 NA NA NA NA 173.2 NA NA 
101283 643.5 2802.928 55.0 239.374 2.80 12.19238 .86 3.73346 188.3 64.6 281.570 
240384 1506.6 2777.064 89.5 165.067 4.06 7.48734 .54 1.00196 256.5 117.0 215.622 
Table 12. Continued 
Gaging Station 2 
020482 1369.1 914.934 159.6 106.652 8.97 5.99154 1.69 1.12844 1394.8 267.9 179.044 
061082 428.6 195.676 77.3 35.291 3.52 1.60791 1.58 .72326 467.2 115.4 52.661 
021282 645.4 2867.923 121.7 540.674 5.62 24.98880 1.14 5.08582 676.7 129.9 577.251 
180383 448.3 401.145 46.6 41.700 1.34 1.19759 .85 .76136 118.2 82.6 73.876 
010483 388.3 341.530 49.2 43.276 2.16 1.90246 .80 .70004 142.0 95.7 84.140 
290483 394.0 1305.703 62.0 205.468 2.99 9.92180 .61 2.01264 101.4 82.3 272.881 
130583 357.0 13.107 54.9 2.016 3.34 .12256 .79 .02893 36.4 70.1 2.573 
041183 288.8 10.213 32.8 1.161 2.39 .08444 .89 .03142 45.6 57.8 2.044 
191183 197.8 55.980 31.8 9.010 NA NA NA NA 3 5 . 9 NA NA 
231183 2 3 6 . 2 141 .598 3 1 . 2 18 .703 NA NA NA NA 103 .0 NA NA 
101283 2 2 6 . 2 366.725 45.0 72.889 2.34 3.80109 .80 1.29560 196.5 53.9 87.355 
180384 797.0 802.761 67.6 68.076 4.49 4.52050 1.09 1.09614 210.6 98.4 99.124 
240384 502.0 304.933 43.3 26.308 3.49 2.12064 .65 .39610 254.6 63.7 38.717 
Table 12. Concluded 
Gaging Station 3 
020482 2351.1 381.039 230.6 37.369 11.63 1.88526 1.76 .28561 1623.5 319.6 51.803 
290582 321.4 14.968 42.4 1.974 13.30 .61943 1.79 .08347 1678.2 255.1 11.881 
310582 583.5 44.997 105.4 8.128 4.58 .35350 .83 .06380 NA 56.5 4.358 
170982 468.7 92.664 60.1 11.877 1.91 .37725 .90 .17860 226.3 51.0 10.090 
061082 496.3 50.857 70.9 7.265 3.64 .37307 1.48 .15214 489.8 105.6 10.822 
261182 170.5 8.560 35.0 1.755 2.71 .13623 .89 .04464 162.2 55.9 2.807 
021282 2101.0 137.295 287.8 18.805 9.95 .64997 1.34 .08756 1707.5 246.9 16.135 
010283 298.7 61.909 41.5 8.598 2.86 .59284 .61 .12734 188.2 50.7 10.499 
180383 439.5 87.379 45.1 8.968 1.50 .29757 .63 .12550 111.7 73.7 14.646 
010483 383.5 65.181 51.6 8.771 2.45 .41722 .57 .09760 171.6 91.0 15.468 
130483 998.7 874.376 84.4 73.889 2.19 1.91666 .74 .64706 62.3 103.8 90.907 
030683 474.1 42.563 73.1 6.565 4.01 .35994 .58 .05171 58.8 69.1 6.199 
060683 230.6 7.969 40.7 1.406 3.67 .12671 .42 .01444 49.1 70.1 2.423 
101283 756.1 592.682 90.2 70.692 3.76 2.94854 .82 .64244 169.3 78.0 61.130 
190384 975.1 543.434 88.8 49.508 3.86 2.15309 .93 .51755 248.6 88.4 49.240 
240384 1274.4 407.356 336.2 107.474 3.87 1.23659 .72 .23062 248.7 101.7 32.497 
260384 446.3 14.815 217.7 7.226 2.34 .07771 .42 .01409 193.1 65.5 2.174 
280384 455.3 25.539 177.3 9.948 2.26 .12706 .38 .02106 193.7 56.6 3.175 
the loads are proportional to the flow rates the loads removed by the water 
treatment facility are not significant whether the loads re-enter the lake or 
not. 
The methodology for the computation of loads at the three gaging 
stations differs from that for the spillway. The discharges at each gaging 
station were monitored on a continuous basis while the discharges at the 
spillway were collected on a daily basis. Water quality samples were 
collected on a routine basis at the gaging stations and spillway, while at 
the gaging stations additional intensive sampling was performed during storm 
events. The loads at the spillway were computed simply by using an average 
daily discharge and the corresponding water quality concentration. This is 
justified since the lake responds relatively slowly with respect to both 
discharge and water quality concentrations. 
At the gaging stations, however, both discharge and water quality con-
centrations vary relatively quickly. Therefore, the temporal midpoints 
between sampling times of consecutive water quality concentrations are deter-
mined, and the corresponding discharge is then determined. If one entire day 
is encompassed by one water quality concentration, the average daily 
discharge is used to determine the load. If two or more water quality con-
centrations apply to one day (as can occur when an event is sampled inten-
sively), the corresponding volume of discharge is determined and then 
weighted so when the two or more parts of the load are summed the daily load 
is obtained. 
This may be seen in figure 3. In this example there were six water 
quality concentration samples taken over three days. Since the temporal 
midpoint between samples 1 and 2 occurs within the day for which the load is 
to be computed, the concentration is utilized for a portion of the daily 
load. The temporal midpoint between samples 5 and 6 lies outside the day 
under investigation so sample 6 has no impact. The instantaneous discharge 
values are applied to these water quality concentrations and a load is deter-
mined. These loads are weighted and then summed to yield a daily water 
quality load. 
The computed monthly summaries of the sediment and water quality loads 
are presented in table 13. When comparing the totals of the gaging stations, 
caution must be exercised since the record lengths may be different. 
Water Quality Parameters 
The results of the water quality load computations were presented in the 
preceding section. In this section each water quality parameter will be 
described and, where applicable, the concentration and loading will be dis-
cussed qualitatively. Additional material and analyses will be presented in 
the final report. 
There were six parameters sampled at the field sites: total suspended 
solids, total volatile solids, total Kjeldahl nitrogen, total phosphorus, 
turbidity, and chemical oxygen demand. In addition to these parameters, the 
following parameters were analyzed for samples collected at the gaging 
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Figure 3. Daily water quality load calculation method 
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Table 13. Monthly Sediment and Water Quality Loads at the Gaging Stations 
Loads at Gaging Station 1 
(tons) 
Water Quality Parameter 
Date 
MoYr TSS TVS NH3 TKN N23 TPHS DSPH COD 
0182* 1684.7 343.0 6.526 16.97 8.702 4.003 0.000 261.1 
0282* 392.6 252.7 37.053 67.57 21.796 7.955 0.000 1057.1 
0382* 1033.3 157.8 3.494 8.75 4.329 2.641 .493 149.2 
0482 2376.9 252.0 .725 17.63 4.677 2.921 .364 469.0 
0582 2638.3 284.2 1.646 10.52 1.976 1.920 .857 108.0 
0682 1675.1 141.6 3.149 8.06 3.765 2.143 1.643 142.1 
0782 128.8 57.5 .570 5.32 2.697 .950 .532 110.2 
0882 5.5 1.7 .000 .06 .000 .016 .001 2.1 
0982 428.9 68.1 .218 3.53 .260 1.147 .443 85.6 
1082 1451.7 136.7 .052 11.49 1.053 3.867 .185 304.4 
1182 184.2 33.4 .026 8.41 .703 2.449 .890 231.0 
1282 3437.9 280.5 .136 36.96 20.550 9.787 2.696 850.9 
0183 19.3 7.0 .870 2.04 1.633 .236 .096 26.3 
0283 828.2 94.0 4.241 5.54 4.565 1.177 .357 90.6 
0383 1132.3 124.2 9.640 10.61 2.109 2.058 .953 210.2 
0483 4221.9 498.5 1.217 14.81 8.904 5.014 1.398 597.9 
0583 880.6 198.7 2.342 14.45 11.363 2.012 1.015 294.4 
0683 3721.4 421.1 .652 22.03 6.308 3.130 .605 416.0 
0783 .2 .0 .000 .00 .000 .001 .000 .1 
0883 .0 .0 .000 .00 .000 .000 .000 .0 
0983 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
1083* 154.8 26.4 .161 1.97 .067 .622 .033 40.3 
1183 1445.7 180.1 1.678 14.82 9.031 4.663 3.417 344.0 
1283 2995.5 271.9 1.787 16.87 8.936 5.191 3.000 391.3 
0184 150.9 16.4 2.138 4.60 5.447 .842 .640 46.2 
0284 872.6 106.3 1.624 11.11 6.139 2.222 1.356 234.6 
0384* 4812.8 416.5 1.015 25.42 8.758 5.542 2.158 710.6 
TOTAL 36674.1 4370.3 80.960 339.54 143.768 72.509 23.132 7173.2 
* Indicates incomplete record 
Note: TSS = total suspended solids, TVS = total volatile solids, 
NH3 = ammonia, TKN = total Kjeldahl nitrogen, 
N23 = nitrate and nitrite, TPHS = total phosphorus, 
DSPH = dissolved phosphorus, COD = chemical oxygen demand 
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Table 13. Continued 
Loads at Gaging Station 2 
(tons) 
Water Quality Parameter 
Date 
MoYr TSS TVS NH3 TKN N23 TPHS DSPH COD 
0282* 122.2 101.4 0.000 0.00 0.000 0.000 0.000 0.0 
0382 240.0 36.4 1.058 2.60 .780 .650 .202 86.7 
0482* 917.1 107.2 .349 5.97 .873 1.123 .147 177.8 
0582* 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0682* 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0782* 52.6 31.1 .448 2.73 .818 .545 .311 58.4 
0882 .7 .1 .000 .03 .000 .003 .001 .6 
0982 73.5 11.9 .011 2.23 .417 .323 .134 47.9 
1082 367.3 92.6 .369 5.63 .233 2.764 .041 158.0 
1182 95.6 22.1 .033 3.88 .589 1.382 .632 76.1 
1282 2299.1 379.8 1.074 24.26 10.673 5.253 2.244 494.9 
0183 .2 .1 .015 .03 .012 .004 .003 .4 
0283 901.7 108.6 2.110 3.15 1.100 .566 .354 44.8 
0383 457.7 66.4 6.777 2.63 1.158 1.271 .612 111.5 
0483 652.0 162.5 .514 7.63 4.741 2.378 1.002 254.6 
0583 902.4 176.5 .078 8.40 4.090 1.699 .372 219.6 
0683 2129.2 308.5 .572 9.78 5.930 1.320 .542 232.9 
0783 .0 .0 .000 .00 .000 .000 .000 .0 
0883 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0983 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
1083 .6 .1 .002 .01 .000 .005 .000 .2 
1183 233.6 35.6 .447 4.59 2.724 1.542 1.008 139.1 
1283 423.7 79.6 .507 4.90 3.040 1.633 .993 121.0 
0184 26.9 2.6 .458 .83 .585 .159 .125 8.3 
0284* 201.3 23.6 .453 2.70 1.403 .572 .345 59.4 
0384 1600.3 119.4 .466 11.73 2.585 2.379 .792 215.8 
TOTAL 11697.7 1866.1 15.741 103.71 41.751 25.571 9.860 2508.0 
* Indicates incomplete record 
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Table 13. Continued 
Loads at Gaging Station 3 
(tons) 
Water Quality Parameter 
Date 
MoYr TSS TVS NH3 TKN N23 TPHS DSPH COD 
0282* .1 .1 0.000 0.00 0.000 0.000 0.000 0.0 
0382 56.4 12.5 .114 .64 .380 .192 .045 26.0 
0482 388.6 38.0 .080 1.92 .155 .289 .034 52.7 
0582 105.4 19.6 .002 1.26 .052 .192 .025 24.1 
0682 506.8 31.2 .004 .66 .143 .153 .067 14.0 
0782 432.0 44.0 .006 3.23 .077 .465 .082 87.3 
0882 .4 .1 .000 .00 .000 .001 .000 .1 
0982 86.6 12.1 .003 .54 .072 .394 .054 14.6 
1082 155.7 62.3 .006 1.31 .132 .691 .013 42.9 
1182 15.2 2.2 .003 .51 .089 .200 .330 11.2 
1282* 239.3 30.9 .296 4.05 24.074 .666 .482 68.3 
0183 .1 .0 .001 .01 .007 .001 .001 .1 
0283* 65.7 8.9 .157 .62 .306 .128 .055 11.1 
0383 107.3 12.2 .004 .42 .269 .182 .021 23.6 
0483 871.7 90.1 .012 2.41 .905 .749 .108 108.6 
0583* 2.1 .7 .002 .06 .083 .004 .004 1.0 
0683* 214.6 28.9 .016 1.17 .681 .196 .025 23.7 
0783 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0883 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0983 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
1083 20.8 5.2 .014 2.76 .054 .352 .028 10.2 
1183* 305.6 37.1 .061 1.99 1.396 .556 .372 58.1 
1283 643.8 77.2 .138 3.48 1.254 .760 .233 74.6 
0184 1.3 .1 .003 .02 .020 .005 .004 .6 
0284 3.1 .7 .008 .09 .069 .018 .013 2.3 
0384* 1193.8 203.7 .118 5.15 1.211 1.072 .272 124.2 
TOTAL 5416.4 717.8 1.048 32.30 31.429 7.266 2.268 779.3 
* Indicates incomplete record 
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Table 13. Concluded 
Loads at Spillway 
(tons) 
Water Quality Parameter 
Date 
MoYr TSS TVS NH3 TKN N23 TPHS DSPH COD 
0182* 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0282 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0382 125.2 68.2 3.850 6.93 3.092 1.373 .891 110.9 
0482 292.9 53.0 3.002 6.25 3.001 .916 .398 96.1 
0582 51.5 18.0 .247 1.91 2.406 .277 .068 51.7 
0682 286.1 65.1 .553 6.62 9.372 1.150 .323 166.3 
0782 222.1 91.5 1.059 10.92 10.501 1.997 1.020 223.9 
0882 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0982 36.5 7.9 .011 1.04 .894 .219 .048 16.0 
1082 55.1 25.5 .022 1.67 1.923 .396 .244 44.2 
1182 52.5 13.4 .110 3.33 1.689 .884 .322 70.2 
1282* 1475.9 209.4 2.637 49.99 21.751 14.911 6.094 1047.7 
0183 8.3 2.0 .024 .15 .063 .049 .020 4.3 
0283 8.4 4.3 .123 .70 .313 .187 .086 13.7 
0383 146.1 59.5 .681 3.41 5.911 1.638 .654 192.9 
0483 249.8 121.8 1.645 10.54 17.298 3.183 1.456 479.5 
0583 344.0 102.8 1.432 16.68 9.210 3.736 1 .680 384.1 
0683 205.7 30.2 .099 14.87 10.755 2.773 1.286 246.4 
0783 1.6 .2 0.000 0.00 0.000 0.000 0.000 0.0 
0883 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
0983 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
1083 0.0 0.0 0.000 0.00 0.000 0.000 0.000 0.0 
1183 431.4 66.0 1.558 14.08 9.281 3.249 1.573 332.4 
1283 531.1 87.4 1.475 18.35 8.287 4.583 2.513 394.6 
0184 5.6 .4 .012 .10 .061 .030 .020 1.8 
0284* 11.5 6.6 .052 .35 .088 .056 .038 6.3 
0384 936.0 206.1 11.007 37.11 27.708 6.862 3.732 548.1 
TOTAL 5480.3 1239.3 29.599 205.00 143.604 49.842 22.466 4431.1 
* Indicates incomplete record 
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stations and spillway: ammonia, nitrate and nitrite, dissolved phosphorus, 
water temperature, pH, dissolved oxygen, and conductivity. 
Total Suspended Solids (TSS) 
Total suspended solids are the materials left on the filter after the 
filtration and drying process. A significant portion of this material is 
sediment, and the term "total suspended solids" is quite often used synony-
mously with "suspended sediment." Sediment is of paramount importance in 
this study because erosion is the removal of soil particles from land. The 
amount of soil detached is dependent on a number of factors, including rain-
fall amount, rainfall intensity, antecedent moisture, ground cover, soil 
conservation practices, land slope, and soil type. 
The maximum values of this parameter are found at the field sites, with 
FS6 and FS7 having the highest recorded values. Among the field sites FS8 
has the lowest maximum value of TSS. FS8 is monitored at the end of a mildly 
sloped filter strip. There is little exposed soil in this watershed. 
With respect to the gaging stations, GS1 has the greatest recorded 
maximum value of TSS. This could be due to the turbulent conditions that 
exist about 2000 feet upstream that might resuspend some of the solids that 
might have settled out. By contrast, GS2 is fairly nonturbulent upstream. 
The spillway had the lowest recorded values of TSS. This is due to the 
quiescent water within the lake that allows the solids to drop out of 
suspension. 
The maximum values of TSS are usually less than an order of magnitude 
apart between the stations but are very far apart in numerical value, while 
the minimum values are an order apart but are relatively close numerically. 
This suggests that the values are logarithmically related. 
The maximum monthly loads follow the trends of runoff quite closely, as 
has been found in previous studies (Lee et al., 1983). The greatest monthly 
loads are highly dependent on precipitation and runoff. There does not 
appear to be a seasonal trend. This finding will be addressed in the final 
report when a complete set of data are available. The loading and EMC data 
available also suggest the dependence on precipitation and a lack of season-
ality. 
Total Volatile Solids (TVS) 
Total volatile suspended solids or total volatile solids are a rough 
approximation of the organic matter present in the total suspended solids. 
The result of igniting the sample may also reflect the loss of other com-
ponents besides organic carbon (Standard Methods, 1975). The volatile 
suspended solids are the organic fraction of the total suspended solids that 
oxidizes and is driven off as gas at 559°C. The inorganic fraction remains 
behind as ash. The total volatile solids concentrations are necessarily 
smaller than the total suspended solids concentrations since the TVS con-
stitute a portion of TSS. 
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As with the TSS concentrations, TVS concentrations were highest at the 
field sites, with FS7 having the highest recorded value. The values of TVS 
appear to decrease with increased drainage area at the gaging stations. The 
variation among the field sites and gaging stations for the TVS parameter is 
smaller than for the TSS parameter. 
It is interesting to note that at the sites with the lowest values of 
TVS (FS8 for the field sites and the spillway site for the gaging station 
sites), the TVS comprises a high proportion of the TSS. All sites have 
almost the same minimum values. 
The values for this parameter follow the trends indicated by TSS. As a 
percentage of TSS, TVS loads vary from values approaching 0% during low flows 
at the gaging stations to values in excess of 80% during events. Generally, 
values of TVS are between 10 to 50% of TSS. 
Total Kjeldahl Nitrogen (TKN) 
Total Kjeldahl nitrogen (TKN) is the sum of organic nitrogen and ammonia 
nitrogen. Organic nitrogen is defined as organically bound nitrogen in the 
oxidation trinegative state and does not include all organic nitrogen com-
pounds (Standard Methods, 1975). Ammonia nitrogen will be discussed in its 
own section. 
Nitrogen is a component of the nitrogen cycle and occurs naturally. 
Nitrogen is also applied to agricultural land, which elevates nitrogen levels 
above those that occur naturally. 
The maximum values of TKN are fairly uniform among all the sites. Only 
FS8 and GS3 have high levels of TKN. It is fairly easy to understand why FS8 
has elevated values since this site is a feedlot. The elevated values at GS3 
are not so quickly understood on the basis of the data alone. A herd of 
cattle are pastured immediately downstream of the gage and during times of 
low flow the cows spend some time in the creek. The minimum values of TKN 
are close numerically for all sites. 
There are no obvious seasonal trends in the loads computed for TKN. 
Maximum values are associated with recorded high flows and high amounts of 
precipitation, though a high precipitation amount does not necessarily 
produce a correspondingly high value of TKN. 
Total Phosphorus (TPHS) 
Phosphorus occurs in natural waters almost solely in the form of various 
types of phosphate. These forms are commonly classified into orthophos-
phates, condensed phosphates, and organically bound phosphates. These may 
occur in the soluble form, in particles of detritus, or in the bodies of 
aquatic organisms. Orthophosphates are applied to agricultural land as fer-
tilizer. Organic phosphates are formed primarily by biological processes. 
Phosphorus is essential to the growth of organisms, although in nuisance 
quantities it may stimulate growth in undesirable populations (Standard 
Methods, 1975). 
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Maximum and minimum values of total phosphorus are fairly uniform for 
all sites. As would be expected, FS8 has the highest values. 
The computed load of TPHS exhibits a dependence on the time of year. 
The higher values can be found in the autumn and spring. High precipitation 
amounts cause high loads, but comparatively high loads can be found during 
the autumn and spring. The highest values of the event mean concentrations 
are during these times of the year, especially from October through December 
and March through June. 
Turbidity (TURB) 
Turbidity in water is caused by the presence of suspended matter such as 
clay, silt, finely divided organic and inorganic matter, plankton, and other 
microscopic organisms. Turbidity is an expression of the optical property 
that causes light to be scattered and absorbed rather than transmitted in 
straight lines (Standard Methods, 1975). In other words, turbidity is a 
measure of light-transmitting properties of water. The units of turbidity 
used here are nephelometric turbidity units (NTU). 
There is little variation between the sites in either the maximum or 
minimum values of the turbidity parameter. As with the total suspended 
solids parameter, FS8 has the lowest maximum value for the field sites, and 
the spillway has the lowest value among the gaging stations for the same 
reasons mentioned in the discussion of the TSS parameter. 
No loads are computed for this parameter. 
Chemical Oxygen Demand (COD) 
The chemical oxygen demand determination is a measure of the oxygen 
equivalent of that portion of the organic matter in a sample that is sus-
ceptible to oxidation by a strong chemical oxidant. It is a rapidly measured 
parameter but fails to include some organic compounds that are biologically 
available to stream organisms, while including some biological components 
that are not a part of the immediate biochemical load on the oxygen assets of 
the water (Standard Methods, 1975). 
There is consistency among the maximum and minimum values of the COD 
parameter for the sites. The low values obtained at the spillway indicate 
that in the time spent in the lake, the water oxidizes a portion of the COD 
load. As is to be expected, FS8 had the highest measured COD concentrations. 
The loads of this parameter appear to be related to amounts of precipi-
tation. Some seasonality is indicated. The highest amounts occur in the 
autumn and spring, with the spring values slightly greater than those 
recorded in the autumn. 
The following water quality parameters were measured only at the stream 
gaging sites. 
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Ammonia (NH3) 
Ammonia or ammonia nitrogen is naturally present in nature. It is pro-
duced, for the most part, by the deamination of compounds containing organic 
nitrogen, by the hydrolysis of urea, and by the reduction of nitrate under 
anaerobic conditions (Standard Methods, 1975). 
GS1 and GS2 were numerically close in the maximum values of NH3 while 
GS3 and the spillway were numerically close. It is suspected that at GS3 the 
nitrates had not been reduced and by the time the water reached the spillway 
the ammonia had become oxidized. 
Seasonal variations of this parameter are evident from a qualitative 
review. The greatest loadings occur during the first six months of the year 
for most of the sites. There is a certain dependence on runoff as evidenced 
by the loads in the month of December. 
Nitrate and Nitrite (N23) 
Nitrate is usually found in small amounts in nature. It is an essential 
nutrient for many photosynthetic autotrophs and has been identified as the 
growth limiting nutrient in some cases. Nitrite is an intermediate state of 
nitrogen, both in the oxidation of ammonia to nitrate and in the reduction of 
nitrate. Nitrite also is found in natural water. 
As alluded to in the analysis of ammonia, the values at GS3 for N23 are 
elevated. Both ammonia and nitrates and nitrites are part of the nitrogen 
cycle. The oxidation or reduction of one parameter to another, depending on 
the locations within the nitrogen cycle, leads to an elevation in one param-
eter and a depression of the values of another parameter. At the spillway 
site both NH3 and N23 are at lower levels than at the other sites, suggesting 
that nitrogen is being utilized as a nutrient. Minimum values of N23 are 
identical. 
The greatest loads recorded occur from November through July. This 
corresponds roughly to the time when there is minimal crop cover. The loads 
depend not only on the amount of precipitation but on when the precipitation 
occurred. The largest values of N23 during the study period occurred in 
February 1982 and March 1984, respectively. 
Dissolved Phosphorus (DSPH) 
Dissolved phosphorus is identical to total phosphorus except that 
dissolved phosphorus is the portion of the phosphorus that is not filtered 
out. Since dissolved phosphorus is a portion of the total phosphorus, its 
values are necessarily smaller than those for total phosphorus. 
The maximum values of dissolved phosphorus for the sites are numerically 
close and the minimum values are virtually identical. The spillway has the 
highest percentage of dissolved phosphorus as compared to total phosphorus. 
This is due to the settling of much of the suspended material. The greatest 
62 
disparity occurs at GS1, probably due to the resuspension of material in the 
turbulent water just upstream of the gage. 
The results of the load computation and comparison reveal some trends 
toward seasonality. The highest values occur during the autumn and spring. 
The months in which the lowest values occur are January, August, and 
September, while the highest values occur in March, April, November, and 
December. 
pH 
The pH of a solution refers to its hydrogen ion activity and is 
expressed as the logarithm of the reciprocal of the hydrogen ion activity in 
moles per liter at a given temperature. The practical pH scale extends from 
0, very acidic, to 14, very alkaline, with 7 corresponding to exact neutral-
ity at 25°C. The pH of most natural waters falls between 4 and 9, with the 
majority of waters slightly basic (Standard Methods, 1975). 
All sites have pHs above the minimum of 4, but both GS2 and the spillway 
have very high pHs. No explanation for this can be given at this time. The 
high values of pH do not correspond to time of year or flow rates. 
Dissolved Oxygen (DO) 
Dissolved oxygen levels in natural waters are dependent on the physical, 
chemical, and biochemical activities prevailing in the water body (Standard 
Methods, 1975). It was found that time of the day was very important. The 
morning had lower DO concentrations than the afternoon. This is due to the 
aquatic plants utilizing oxygen at night and producing oxygen in the day as 
part of the photosynthetic process. 
The maximum values of dissolved oxygen are very high. The minimum 
values recorded at GS1 and GS3 would stress certain aquatic life. 
Conductivity (COND) 
Conductivity is a numerical expression of the ability of water to carry 
an electric current. The conductivity value depends on the total concentra-
tion of the ionized substances dissolved in the water and the temperature at 
which the measurement was made. The results of conductivity are given the 
units of micromhos per centimeter. The conductivity of potable waters ranges 
from 50 to 1500 µmhos/cm. Conductivity is an indicator of the degree of 
mineralization or total dissolved solids (Standard Methods, 1975). 
The maximum values of conductivity suggest that conductivity decreases 
with increasing drainage area. The minimum values are very nearly 
identical. 
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Water Temperature (TEMP) 
Water temperature can be used to calculate viscosity and density and to 
aid in ecological studies. Temperature is dependent on the time of year and 
time of day. 
The minimum values are identical at 0°C. Maximum values vary widely. 
GS1 has the lowest maximum values due to the canopy over the streams, while 
GS2 has no canopy and its temperatures are higher. GS3 has a moderate amount 
of canopy and its values lie in between those measured at GS1 and GS2. The 
lake has the highest temperatures. This is due to the lack of shade and the 
lack of movement of the water. Since there is little current and only the 
wind will mix the water, the lake becomes stratified with the less dense warm 
water on the surface of the lake. 
Sediment Delivery Ratio 
The sediment delivery ratio is defined as the sediment yield divided by 
the gross erosion. The gross erosion was discussed in an earlier section. 
The sediment yield is the total quantity of sediment from the watershed that 
moves past a point in space in a specified period of time. 
In this study the suspended load was measured. Suspended load differs 
from total load in that the former does not include the bed load portion. 
The bed load is the material that moves by saltation, rolling, or sliding in 
the bed layer. The suspended load that was measured consists of two parts, 
suspended load and wash load. The wash load is the material that is in con-
tinuous suspension; it is composed of particles whose sizes are finer than 
those found in the bed material. The quantity does not depend on the 
hydraulic conditions of the channel but is determined by the available up-
stream supply rate. The suspended load is in intermittent suspension and is 
supported by the upward components of the turbulent currents. Suspended 
sediment remains in suspension for a shorter period of time than the wash 
load but for a longer period of time than the portion of the bed load moved 
by saltation (Simons and Senturk, 1977). The distinction between the two 
components of the suspended load is not sharp; a grey area exists. 
DISCUSSION 
Highland Silver Lake has experienced water quality related problems 
(mainly sediment and nutrients). The agricultural runoff in the watershed 
has been identified as a major source of the sediment and nutrients. The 
approach used in this project to solve the water quality problems is: 
1) reduce detachment and transport of soil particles by increasing ground 
cover, 2) maximize the opportunity for settling of suspended particles before 
they reach a watercourse, and 3) reduce nutrient input through better manage-
ment of livestock waters. The main goals of the project were to: 1) reduce 
turbidity and increase visibility to greater than 2 feet, and 2) reduce the 
average total suspended solids concentrations to less than 25 mg/l. These 
goals are easily evaluated; neither was met. Visibility, which is measured 
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by secchi readings, did not meet the goal, and the average total suspended 
solids are in excess of 25 mg/l. 
The main questions this watershed study was designed to answer are: 
1) How effective are Best Management Practices (BMPs) in water quality terms? 
2) Do conservation measures work in water quality areas? 3) Given the small-
scale study information, what water quality projections can be made based on 
present implementation? 
These questions are difficult to answer. There are a number of vari-
ables to be taken into account. Difficulties arise when two watersheds are 
compared since their characteristics (slope, soil type, vegetation, and 
management practices) may be dissimilar. Precipitation distributions are 
also most probably different. A method is required to normalize the indi-
vidual characteristics. Another alternative is to compare one watershed with 
itself over time. When comparing one watershed over a period of time, moni-
toring should cover the period encompassing both pre- and post-implementation 
of BMP installation. 
Factors affecting the water quality data may include peak discharge, 
discharge volume, precipitation intensity and amount, field conditions, and 
BMPs. Field methods were designed and followed so that the data collected 
would be as compatible as possible. The data were obtained using consistent 
collection and measurement techniques on a regular schedule at unique loca-
tions on the watershed. To explain the causes of trends, a data base con-
sisting of data on human activities, hydrologic processes, and land use was 
obtained for the Highland Silver Lake watershed. 
The data indicate that precipitation was above normal. The expected 
seasonal patterns of precipitation did not occur, as the heaviest precipita-
tion occurred in late autumn rather than in the spring as expected. During 
BMP implementation, the soil was disturbed, which might have biased the 
results. Once the BMPs are fully implemented, it will take a period of time 
for the effects to be felt downstream. Due to the short time period of field 
monitoring, there are a limited number of events available, and the sample 
size is too small to make any interpretations at this time. Furthermore, the 
sample size gets smaller if any attempts are made to stratify the data. 
Water quality data can exhibit two components, a part which changes in a 
regular and predictable way and a random part. Randomness, which causes 
short-term fluctuations, can result from temporary or unaccounted-for 
phenomena. The regular and predictable factors can be caused by a trend, 
periodicity, and serial correlation (Montgomery and Reckhow, 1984). A linear 
trend can be said to exist whether or not the data exhibit a tendency to 
monotonically deviate from the mean; periodic changes occur when the change 
can be predicted; and serial correlations depend on the previous values of 
the data. 
An assessment of water resources can be made on the basis of trends in 
water quality data. In order to assess such trends, a number of procedures 
are available. A stepwise approach as detailed by Montgomery and Reckhow 
(1984) seems reasonable. Initial analysis would begin with hypothesis forma-
tions to determine the trend of the data over the monitoring period. The 
characteristics mentioned in the previous paragraphs complicate the data 
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analysis. Data normalization might be required. Appropriate statistical 
techniques would then be applied to the data, and an appropriate statistical 
test would be applied. This methodology will provide quantitative informa-
tion concerning trends of the data. The data may also be modeled using a 
time series analysis to forecast future trends. 
SUMMARY 
This report summarizes the data collection and research performed on the 
Highland Silver Lake watershed from January 1982 through March 1984. Data 
from about 2.25 years on precipitation, runoff, and water quality for the 
Highland Silver Lake watershed have been collected, reduced, and analyzed. 
In addition to these data two reservoir sedimentation surveys, done in 1981 
and 1984, were completed for the entire lake. Information collected in these 
surveys will provide a long-term sedimentation rate for the lake and will 
show the sedimentation that occurred during the period between the two 
surveys. 
Streambank and bed erosion assessment was made on the basis of cross-
sectional surveys performed in 1981 and 1984. There were 49 cross sections 
along Little Silver Creek, East Fork Silver Creek, and an unnamed tributary. 
Comparison of the volume change between the 1981 and 1984 surveys will yield 
the net erosion or deposition within these stream channels. 
Loads of sediment and nutrients were computed for all monitoring 
locations. Loads were computed on an event basis as well as a continuous 
basis for those locations having continuous records. 
Long-term precipitation records available suggest that precipitation on 
the Highland Silver Lake watershed for the field monitoring period was above 
normal, and runoff recorded on the watershed reflected that fact. There were 
four occurrences of average monthly precipitation amounts on the watershed in 
excess of 7 inches, with the maximum recorded monthly precipitation in June 
1983. Five times, the average monthly precipitation fell below 1 inch, with 
the minimum recorded monthly amount in July 1983. On the basis of the long-
term precipitation data available for Belleville, Illinois, the monitoring 
period (January 1982 through March 1984) had precipitation 14.30 inches above 
normal. 
There were 224 event hydrographs collected at the eight field sites. 
Runoff ratios ranged from 0.00 to 1.00 depending on when the collection of 
the hydrograph started and ended, time of year, field conditions, and ante-
cedent soil moisture. Runoff ratios averaged roughly 0.25. The continuous 
streamflow records at the three streamgaging stations were also broken down 
into events. Runoff ratios were computed on a monthly basis for sites with 
continuous records. The monthly runoff ratios ranged from 0.00 (no runoff) 
to 0.96 (when the runoff was comprised in part of snowmelt). The municipal 
use of water from Highland Silver Lake was insignificant. 
Eight water quality parameters (total suspended solids, total volatile 
solids, Kjeldahl nitrogen, total phosphorus, chemical oxygen demand, ammonia, 
nitrate and nitrite, and dissolved phosphorus) were computed on an event and 
66 
continuous basis depending on sample availability. The majority of the 
sediment and nutrient loads were transported during events. As an example, 
approximately 75 percent of the sediment transported at gaging station 1 was 
transported during events. One event transported 3600 tons of sediment, 
while during a drought period no material was transported. 
The installation of Best Management Practices on the watershed began 
before monitoring and will continue after monitoring ceases. The levels of 
sediment and nutrients remained elevated during the period of field monitor-
ing. The results of the data collection reveal that of the water quality 
parameters that enter the lake, total suspended solids, total volatile 
solids, ammonia, Kjeldahl nitrogen, total phosphorus, and chemical oxygen 
demand are deposited in the lake. Only two parameters (nitrate and nitrite 
and dissolved phosphorus) are transported through the lake. 
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